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Richard Hill Ltd. designed the reinforced con- 
crete foundations, frame and floors of the 
Kingston Technical School, Jamaica, and 
supplied all the Maxweld reinforcement bars and 
fabric. For more information ring Middlesbrough 
(2206), London (Mayfair 3538), Birmingham (Mid. 
5625), Manchester (Central 1652), Leeds (2-7540), 
Bristol (24977), Glasgow (Central 2179). 
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Architects : The Ministry of Education, Kingston, Jamaica. 


RICHARD HILL LTD 


(ESTABLISHED 1868) 

REINFORCED CONCRETE ENGINEERS 
MIDDLESBROUGH - YORKSHIRE 
Telephone: MIDDLESBROUGH 2206 


A MEMBER OF THE FIRTH CLEVELAND GROUP 
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Wonderland unravelled 


“Wonderland is everywhere in the world”’, said Alice, ‘““everywhere you don’t know”. 
Yet Wonderland to one person is home to another. Shell calls 

130 different countries ‘““home’’. As major suppliers of petroleum and chemical 
products, they are an integral part of each country. To those concerned 

with construction or industrial development in unfamiliar places, someone who 
knows the lie of the land can often point the way. Ask Shell. 

Their local knowledge can likely guide you out of a maze of difficulties. 


PORTUGUESE GUINEA PUERTO RICO SPAIN TRINIDAD 


PORTUGAL you can be sure of international service 
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Faruniten The framework of the building (left) was constructed to a large extent from 
Appleby-Frodingham sections and plates. (right) M.S. “Bergensfjord” built 
for Den Norske Amerikalinje A/S of Oslo has a gross weight of 18,750 tons 

Eee Considerable quantities of Appleby-Frodingham plates and sections were supplied 
to Swan, Hunter, & Wigham Richardson Limited, the builders of this ship. 
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playing an 
important part 


in the 
expansion of qu 

1 | Re E ea ee me 
the Chemical oC 


Hobe. 


Industry 


Building, 
Civil Hngineering 
and Reinforced 
Concrete 
Contractors 


This new Technical Centre for 
Joseph Crosfield & Sons, Limited, 
is just a part of the major 
expansion programme currently 
being carried out at their 
Warrington works. 


A. MONK & COMPANY LIMITED 
Warrington and London 
Offices at: Hull, Middlesbrough & Stamford 
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2/- per copy — annual subscription £5.4.0 post paid 


Specimen copy free on request from 


THE CONTRACT JOURNAL CO. LTD. 
32 Southwark Bridge Road, London, §.E.1. 


Tel: Waterloo 34117 
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_ Reinforced concrete foundations 


A new brochure fully describing 7 methods of Piling is available on request 


FRANKI+the largest piling organisation in the world F Pp A N K | p | L E 


FRANKIPILE LIMITED - 39 VICTORIA STREET - LONDON SWI: TELEPHONE ABBEY 6006-9 


Sole manufacturers iu the United Kingdom| 


STEEL AND 
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Strength, water-tightness and resistance to 
corrosion make Larssen Piling the ideal Civil 
Engineering material for the construction of all 
types of water-frontages. Ease of driving and the 
economy provided by a very versatile range 

of sections, are additional advantages. 


Larssen Piling, newly-driven, during the extension 
of the West Jetty at the Scotstoun (Clyde) shipyard 
of Messrs. Yarrow & Co, Ltd. The Larssen Piling 
in the foreground, driven about 35 years ago, was 


found to be in first-class condition and showed no 


sign of deterioration. 


Consulting Engineers: KYLE & FREW 
Contractors: MELVILLE DUNDAS & WHITSON, LTD. 


IRON COMPANY LIMITED 


CENTRAL SALES OFFICE: 
CARGO FLEET IRON WORKS, 
MIDDLESBROUGH, YORKS. 


TELEPHONE: MIDDLESBROUGH 46311 (13 LINES) 
TELEX: 58551 


LONDON OFFICE: SHELL-MEX HOUSE, STRAND, W.C.2. 
TELEPHONE: COVENT GARDEN 1181/6, 
TELEX: 22480 
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me CORROSION ? 


NOT WITH THIS ROOF 


An atmosphere full of moisture and acid-laden soot and 
smoke . . . that is what causes the rapid deterioration of 
the roofing and cladding of industrial buildings. How to 
deal with this menace is a problem to which, until 
recently, there has been no satisfactory solution. 

Now there is an answer—‘Corroplast’ corrugated 
sheets resist corrosion. Experience has proved that after 
FOR CONTEMPORARY CLADDING TOO many years’ exposure in the most severe conditions, 
*Corroplast’ sheets do not deteriorate. 

These strong, rigid, laminated plastic sheets are 
economical, too. They last longer than any other sheets, 
need no maintenance, and are free from breakages in 
transit. 

For roofing and cladding where corrosion is worst, 
always specify... 


‘Corroplast’ is also ideal as side-cladding for 
contemporary buildings, giving a most colourful 
and attractive appearance. Available in three 
integral shades, or in a range of stove-enamelled 
finishes. 


CORROPLAST 


CORRUGATED LAMINATED PLASTIC 


Write or phone to: 


[OLOPLAST LIMITED SALES OFFICE, 2 CAXTON STREET, LONDON, S.W.1. TEL: ABBEY 4866 
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HUDDERSFIELD & BRIGHOUS 


PATENT ROOF & VERTICAL 
GLAZING. LANTERN LIGHTS 
"MONOLIGHT’ ROOF LIGHTS, 
STEEL & ALUMINIUM WINDOWS, 
STRUCTURAL THERMAL INSULATION. 


Specialists 


1890960... 


A LIFETIME OF DAYLIGHTING 


PATENT GLAZING: bars with galvanised steel core fully lead clothed 
or, alternatively, with zinc or aluminium capping. Aluminium alloy bars 
with lead or aluminium wings. 

Trouble-free and long life daylighting conforming to the newest 
architectural trends in industrial building design and cladding 
techniques. 


EFFICIENT SITE ORGANISATION and service ensure that the high 
quality material is also fully represented in the fixing and installation. 


THE EXPERIENCE OF 70 YEARS with Progressive technical research, 
contributes to the architect’s skilful handling of daylight,with quality 
and the surety of 


—— DAYLIGHTING FOR A LIFETIME 


= 


HEYWOOD -HELLIWELL LIMITED BAYHALL wWORKsS, HUDDERSFIELD 
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EXTERIOR CORE SHELL *MAXIMUM 
DIAMETER DIAMETER LENGTH LOAD (TONS) 


4 ft Oin. 100-150 
3 ft Oin. 70-100 
3 ft Oin. 45-70 
4ftOin.or3ftO0in.| Upto45 
*Depending on length of pile and strata conditions 
ase write for our latest publications 


_west's “EL PILING 
foes Detain ce See 
ST’S PILING AND CONSTRUCTION CO. LTD, 


STI BATH RD, HARMONDSWORTH, MIDDX. 
dation Special’sts. Design & Construction in Reinforced Concrete. Branches in London, Bristol, Birmingham, Manchester, Glasgow 
ralasia ; West's Shell Piling (A/sia) Pty Ltd, Melbourne, Sydney, Adelaide & N. Zealand, 


Tel. SKYPORT 5222 


nce: 


Southern Africa: Roberts Construction Co, Ltd, Johannesburg 
Compagnie Générale de 


Construction de Fours Prat rris 
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NO. 18 OF A SERIES SHOWING TECHNICAL DEVELOPMENTS IN CONCRETE CONSTRUCTIO 


The cable bridge at the Isle of Grain is 
232 ft. 3 ins. long, with two clear spans 
of 90 ft. and one of 30 ft. The Swiss 
BBRYV system of prestressing concrete was 
used for these spans. This system is 
unique in that each wire is anchored by 
upsetting its end to form a nail head which 
bears on the face of a special anchor head. 
The individual wires are grouped into 
cables with a common anchor head and 
stressed with one jacking operation. 


Further details of this project are available 
on request. 


Sponsor: South Eastern Gas Board. 


Design: S.E.G.B. Construction Department in 
collaboration with Simon-Carves Ltd. 


Contractors: Sir Robert McAlpine & Sons Ltd. 


First time in Britain 


Swiss BBRV prestressing used 
on Isle of Grain Bridge 


set as? 


Johnsons were in at the start with wire for prestressed concret 
having worked with designers throughout the development 
prestressing techniques. Johnsons’ wire gained and maintai 
its lead by reason of proper quality control and the most efficie 
customer-service in the industry. 


Richard Johnson and Nephew Ltd., Manchester 11. Telephone EASt 14 
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In these single storey houses at Crowthorne in 
Berkshire, 3” loadbearing Thermalite Blocks are 
being used for the internal partition walls. They 
will provide a high degree of eztra insulation 
plus an overall saving of internal space of approxi- 
mately 123 cubic feet. 


| The photograph shows the neat returns to the reveals, 
j 2 typical of Thermalite construction. No special Cor- 
: ners or Closers are necessary; Thermalite Blocks are 
readily and accurately sawn. Note how easily the hot 


: ent/dr anne”. air ducting has been accommodated. 
type B 

vity w #14 Thermalite is particularly suited to dry construction. 

neg Direct reliable fixing without need for plugs further 

reduces the cost of this economic construction method. 

Note, too, that the cable channelling is spiked directly 


to the Thermalite wall for speed and simplicity. 


plastered hot face—2 
Soke resistanc 


For further information and samples apply to: 


THERMALITE YTONG LIMITED 
Hams Hall, Lea Marston, Sutton Coldfield, Warwickshire. 


A COMPANY Telephone: Coleshill 2081. 
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KITCHEN & WADE G5 Girder Radial 
Drilling Machine. Available in a range 
from 4 ft. to 12 ft.6in. radius. 


Specialists in Drilling and 
Boring Machines 
for structural engineering 


KITCHEN 
& 

WADE 
E24 Radial Drilling 
Boring and Tapping 
Machine. Built with 
radius 4ft. to 6ft. 
and drilling capacity 
up to 3in. from the 
solid in mild steel. 


In addition to the machines illustrated Kitchen & Wade 
manufacture a full range of machines for girder and plate 
drilling, including traverse bed radials, bogie radials for 
plate drilling, adjustable centre multi-spindle drilling 
machines etc. Whatever your drilling requirements it 
will be worth while looking into the K & W range — 
there is probably a standard machine to meet your needs 
in the wide range of types and capacities available. 


KITCHEN & WADE LID. erie: te saath tecioe tot cone 


ARUNDEL STREET, HALIFAX, ENGLAND Telegrams : ‘KAW, Halifax’, Telephone : Helifax 67744 (3 lines) 


LIMITED 


FOUNDATION ENGIN sgeuie: 


d cast in-situ p 


Driven piles 
E EXPL t piles of large 


Explorator nders of large 


ANALYSIS OF PROBLEMS 


Geologic er lowering by 

d by well point Earth slopes, Dams, Retaining walls 
| sampli 

onsolidation b Cofferdams and Foundations 
In-situ sq 

onsolidation of Settlement calculations 
ck drilling y the Guttman a 
Permeability calculations 
ophysical luvial grouting 


Corrosion re grouting in 


on of special fo 


Underpinning 


Soil stabilisation 


65, Old Church Street, London, S.W.3 Telephone: FLAxman 8II| 
Telegrains: Edaphos-Southkens-London 
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How temporary is shuttering? How permanent is formwork? 


‘ anal 


ole 


The new development 
that has changed 
the face of concrete 


After use—treated 
with Moldcote 


Expensive timber formwork, complex moulds, the top-rate Advantages of Moldcote 
joinery necessary to ensure accuracy, are generally major 1. Improved quality of concrete face. 
items in costing cast or in situ concrete. 2. Reduced cost of rubbing up and making good. 
Molacoin face hard f F 3. Greatly increased life of timber face, which is 

oldcote is a sur ae ardener for the internal faces of entirely protected from water or oil penetration. 
formwork. It provides a smooth polished surface to the 4. The face of the timber remains smooth even 
timber which greatly extends its working life. after repeated use. ; 

5. Highly glazed surface means less release agent 

It also ensures a fine, even face to the concrete which is needed. 
dispenses with the need for lengthy finishing operations. 6. Easily applied by spray or brush. 


7. Will not crack or flake off. 


8. No staining of the concrete. 
For further details of this brilliant new product which is . 
already being used on numerous important projects, write to: 


STUART B. DICKENS LTD. STUART B. DICKENS LTD. 


ie i ay pa | Manor Way, Boreham Wood, Hertfordshire. Telephone: Elstree 2211 
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Working against the clock ? 
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HELIBOND Cold Worked Reinforcement offers substantial 
savings in cost when compared with mild steel. 
In technical terms, HELIBOND complies fully with British 
Standard 1144, and enables the concrete bond stress to be 
increased by 25% (C.P. 114 [1957] refers). 
Why not consult us? We shall be glad to send you full details of 
our service and delivery. We can make special arrangements for 
may well solve urgent requirements. 
your problems 
REE Eee HELIBOND Cold Worked Reinforcement 


ese 


Ht 


EE SS ae 


SEES 


THE HELICAL BAR & ENGINEERING CO. LTD., 82 Victoria Street, London, S.W.1 
Telephone: VICtoria 6838 


ALSO AT: Newcastle: Newcastle 27744 . Nottingham: Gamston 284 . Taunton: Taunton 5631 
WORKS: Harefield: Harefield 2176 . Charlton: Greenwich 2971 . Sutton-in-Ashfield: Sutton-in-Ashfield 2621 
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The illustration shows a balustrade on the recently constructed Barmston 
Bridge at Ormston in the East Riding of Yorkshire. This was fabricated 
by Tubewrights Ltd. and its graceful appearance is the result of taking 
full advantage of the flat sides of R.H.S. 


Rectangular Hollow Sections (R.H.S.) are now being used for a wide 
range of mechanical and structural purposes. The sizes available in the 
Stewarts and Lloyds’ range of hot-formed sections are listed in the 
accompanying table. R.H.S. eliminate the need for special shaping of 
components before welding. Any straight-cut R.H.S. or tube will fit 
accurately against their flat sides whether square-on or at an angle and, 
moreover, lugs of various kinds produced from tube or bar are easily 
attached. Welding is simple and no bevelling is necessary. 

Our subsidiary, Tubewrights Ltd., of 25 Buckingham Gate, London, S.W.1, 
is willing to advise on or quote for any welded sub-assemblies. 


STEWARTS AND LLOYDS WAREHOUSES THROUGHOUT 
THE COUNTRY STOCK R.H.S. 


Pamphlet giving full dimensions, properties and prices will be sent on application to: 


Stewarts and Lloyds Ltd 


STRUCTURAL STEEL DEPARTMENT, BROAD STREET CHAMBERS, BIRMINGHAM I 
Telephone: Midland 2700 Telex: 33333 


UO 


FROM FROM 

1’x 1’ 1%"x "Ae" 
TO TG 

5’x 5” 6"x 4” 


R.H.S. ARE PRODUCED 
TO THE 
PHYSICAL PROPERTIES 
OF B.S. 1775 GRADE 16 
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Heavy lifting job...? 


Whatever you have to lift or move, you can hire the right plant 
from Wards who maintain one of the largest and most modern Hire Fleets 
in the country. Equipment available for Contractors includes 
not only Cranes and all types of Lifting Tackle, but 
Excavators, Bulldozers, Scrapers, Compressors, 
Concrete Mixers, Pumps, Tractors and Locomotives. It 
is all maintained in first-class condition and supplied 
on reasonable hire terms. Please ask for more details. 


Contractors’ Plant Division of TH OS. WwW. WARD LTD 


Head Office: ALBION WORKS - SHEFFIELD | 
London Office: BRETTENHAM HOUSE - LANCASTER PLACE - STRAND W.C.2 


Depots at: SHEFFIELD Tel. 26311 - GRAYS (ESSEX) Tel. Grays Thurrock 4764 and 4806 


GLASGOW Tel. Scotstoun 8083 - BRITON FERRY Tel. 3166/7 - COVENTRY Tel. Bedworth 3011 _ 
LC 66 


DAW NAYS 


specialists in the design 
fabrication & erection of 


AMMAN VA7TOR ke 
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Korbi Sb ot Binal: 


20 The Structural Engineer 


TWO 15 TON, 75 FT. SPAN, E.0.T. CRANES IN STRUCTURAL FABRICATING SHOP 


ANDERSON 


the finest Overhead Cranes 


ANDERSON CRANES HAVE A FINE REPUTATION FOR MODERN DESIGN 
AND CONSTRUCTION COUPLED WITH UNSURPASSED 
WORKMANSHIP, ALL OF WHICH ENSURE THE ABSOLUTE 
RELIABILITY AND EFFICIENCY SO ESSENTIAL. 


CAGE OR FLOOR OPERATION * ra TOTALLY ENCLOSED GEARBOXES 
SLOW SPEED CONTROL 


ALSO LEADING MAKERS OF DERRICK CRANES 


Telephone : 


CARNOUSTIE FINSBURY PAVEMENT 
2214/5 and 2110 


HOUSE, 
Telegrams : 


[ 120 MOORGATE, E.C.2. 
«“ DIAMOND THE ANDERSON-GRICE CO. LTD. 
CARNOUSTIE TAYMOUTH ENGINEERING WORKS,CARNOUSTIE, SCOTLAND Telephone: MON 4629 


London Office : 
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It is well known that soluble sulphates present in the soil are liable to 

cause disintegration of concrete, but with ‘SULFACRETE' Sulphate-resisting 
Cement, concrete can be made proof against concentrations of sulphates 

in terms of sulphur trioxide up to 0.5°% by weight in ground water and 2.0% by 
weight in soil or clay. The only Sulphate-resisting Portland Cement which has 
given proved protection in practice and in exposure tests over the last ten years, 


SULFAGRETE SULPHATE-RESISTING CEMENT GIVES PROVED PROTECTION 


Write for full details to: 
THE CEMENT MARKETING COMPANY LTD. Portland House, Tothill Street, London S.W.1. 
G. & T. EARLE LTD., Hull. THE SOUTH WALES PORTLAND CEMENT & LIME CO. LTD., Penarth, Glam. 
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An electrically 
welded mesh 
manufactured in accordance 
with B.S.S. 1221/1945 Part ‘A’ 
from High Tensile Steel Wire drawn in 
our own mill, supplied in sheets or rolls. 


Oblong or square meshes for concrete 
reinforcement in floors, foundations, 
roofs, roads, etc. Standard size sheets 
and rolls always in stock. We also 
specialise in designing reinforced concrete. 


JILAYINOI HOS 


SPENCER WIRE 


COMPANY LM TE 0 e WAKEFIELD 
Telephone « WAKEFIELD 6111 (/0 lines) « Telegrams « SPENCER WAKEFIELD,TELEX 


DaW 660 SE Telex No. 55,160 


feathers 


Ore Store, \ 
purification and blending 
buildings at Springfield Uranium 
Plant, Lancashire. 


Photograph by courtesy of 
United Kingdom Atomic Energy Authority. 


THE TEES SIDE BRIDGE 


& ENGINEERING WORKS LTD. 
MIDDLESBROUGH 


London Office: 56 Victoria Street, S.W.1 


TeesSide 


BANISTER, WALTON & CO. LTD. 
MANCHESTER « 17 

Trafford Park. Tel: Trafford Park 2361 
LONDON : S.W.1 

82 Victoria Street. Tel: Victoria 7846 
BIRMINGHAM = 18 

61/63 Western Road. Tel: Northern 4518 


The Structural Engineer 


MCN 3458 


and comprehensive 
stocks of steel, 
automation 

in our fabricating plant 
and 

general know-how 
enable us 


to speed the job 


Banister, Walton 


build in steel 
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» ABERTHAW POWER STATION 
TURBINE HOUSE 


MAIN CONSULTANTS 


Messrs. Merz & McLellan 
Photograph ‘A’ shows the Hydraulically 


ASSOCIATED: CIVIE operated anchor plates suitable for use with 
CONSULTANTS : 
Messrs. Rendel, Palmer & Tritton 250 No. 0267 inch wires giving a total 


PRI CIDRSTOR prestressing force approaching 1,000 tons. 


THE SUPERSTRUCTURE : 
John Morgan (Builders) Ltd. 


peea eye Photograph ‘B’ shows one of the Precast 
Constructors, John Brown Ltd. 


prestressed concrete roof beams and anchor 


Precast Prestressed concrete units plate details. Photographs reproduced by courtesy 
manufactured by DOW-MAC of the Central Electricity Board, 
(Products) Limited. Midlands Project Group. 


RY I A nee DD SS DEPENDABLE IN THE WORLD OF WIRE 


RYLANDS BROTHERS LIMITED c WARRINGTON S ENGLAND 
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d UP LERLEY 
STEELWORK 


helps to move coal 


A10span Railway Viaduct manufactured 
and erected by the Butterley Company 
on existing piers which is used for the 
transport of coal from a Colliery in the 
North Western Division to a nearby 
Coke Plant. 


THE BUTTERLEY COMPANY LIMITED - RIPLEY - DERBY - ENGLAND : Tel: RIPLEY 411 (9 lines) 
London Office : 9 UPPER BELGRAVE STREET, S.W.I. Tel: SLOANE 8172/3 
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The Smith M.E.Il Truck Crane in this photo 
is owned by the Dublin Erection Co. Ltd. 


the all-purpose 


TRUGK GRANE 


which is slicing job costs by 
saving time and money on a wide 
variety of construction duties 


U8 DM ILVENN 
Rune woe Can lift up to 10 tons on the short boom 


(25ft. length). 


Additional sections (quickly fitted) vary the 
boom length to 35, 45,55, 65 or 75ft. 


Extra height and range is achieved by using the 
special l0ft. fly jib extension. 


SMITH PATENT POWER-LOWERING DRUM 
FITTED AS STANDARD. 


Can be adapted for digging duties, using 
shovel, dragline and back-hoe equipment. 
Ideal for pile-driving. 
A. Ample road speeds to suit all conditions. 
5 pn Rt Ree ay J 
SMiTHMem |< Gee’ | 
So | | THOMAS SMITH & SONS 
‘% (RODLEY) LTD 


Crane & Excavator Works, Rodley, Leeds 


4 | Tel, Pudsey 2844 Wires: Smith, Rodley, Telex 
d (Telex No. 55105) 
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%* 25 years successful experience all over 
the world are behind Siporex. 
* Over 30 million sq. yds. of Siporex roofing 
, have already been laid, from the equator 
to the arctic. 
ly * Siporex is simple and rapid to erect— 
: reducing site labour costs. 
. * Siporex has a thermal insulation ten 
For over 25 years in widespread use in Northern led and is completely 
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Europe and many other parts of the world, sIPOREX, Be Sipnrevic anita, auartenihe WoRntine 
the lightweight cell ial i Spates 
: e lightweig ee pe structural material is now an equivalent volume of concrete, 

eing manufacture heres reducing the cost of structural framework 
Siporex revolutionises building techniques and and foundations. 
offers architects and structural engineers many 


Gutstandineedyaaineee x Siporex compares favourably in price 


with other building materials, 
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SIPOREX THE MODERN LIGHTWEIGHT CONSTRUCTION MATERIAL 


Manufactured in Great Britain by: COSTAIN CONCRETE COMPANY LIMITED (A member of the Costain Group) 
DUNCAN HOUSE, DOLPHIN SQUARE, LONDON, S.W,1. SIPOREX FACTORY, NEWARTHILL, LANARKSHIRE, SCOTLAND 


August, 1960 


‘FRODINGHAWM"’ 


29 


Super-Sulphated Cement 


gives EXTRA protection 
against 


Sulphates 


(es recommended for Class |11 conditions in B.R.S. Digest No. 31) 


and 
Acidic conditions 


(e.g. resistance to all acids down to pH 3.5) 
(resistance to sulphuric acid down to pH 1.5) 


& 


LOW HEAT SUITABLE 


FOR MASS CONCRETE WORK COMPETITIVE IN PRICE 


BRITISH MADE PROMPT DELIVERY 


Further information from Main Distributors :— 
LAFARGE ALUMINOUS CEMENT CO. LTD., 73 Brook St., London, W.1. Mayfair 8546 
Frodingham Super-Sulphated Cement is manufactured and sold also by :— 
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The Elasto-Plastic Analysis of Two 
Experimental Portal Frames 


by Professor J. W. Roderick 


M.A., Ph.D., M.I.Struct.E., M.I.C.E. 


1. Synopsis 


Using a stress/strain curve closely representative 
of the true material properties, the moment/curvature 
relationship in the elasto-plastic range has been 
obtained for a batch of rolled steel joists used in the 
construction of two half-scale rectangular portal 
frames tested to destruction under combined vertical 
and horizontal loads. This information forms the 
basis for an accurate theoretical determination of 
bending moment distributions and deformations at 
or near the collapse load as determined by the simple 
plastic theory. 

By taking account of the deformation moments 
associated with the side sway deflection, it is possible 
to show that the observed catastrophic collapse of 
the pinned base frame resulted from a condition of 
instability. For the fixed base frame these moments 
are of less consequence. It is demonstrated that strain 
hardening is then the predominant effect, and enables 
the frame to carry loads well in excess of the collapse 
load calculated according to the simple plastic theory, 
as was the case in the actual test. 


2. Introduction 


It is now well known that the simple plastic theory 
based on an idealized stress/strain relationship for 
mild steel enables a satisfactory estimate to be made 

_of the load carrying capacity of a rigid frame structure 
which resists its load largely by bending. It does not, 
however, afford an accurate means of assessing deform- 
ations at or near this maximum load since the assumed 
‘stress/strain relationship neglects the occurrence in 
rolled sections, of a limit of proportionality well below 
the yield point, and more important still, takes no 
account of the development of strain hardening which 
in turn enables highly strained sections of a member 
to resist bending moments well in excess of the full 
plastic value as calculated by the simple theory. In 
the present paper an attempt has been made to obtain 
a more exact determination of deformations using 
as a basis a stress/strain relationship as nearly represent- 
ative as possible of the true material properties. In 
this way it has been possible to study in detail both 
the influence of strain hardening and also the effect 
of overall deformation on the moment distribution 
in a given frame. This solution is of value, not so much 
as a means of assessing deformations, but for the light 
it throws on the behaviour of a rigid frame in the 
vicinity of the collapse load as determined from the 
imple plastic theory. 
The analytical method has been checked against 
e results obtained from tests on two experimental 
ctangular portal frames carried out by Baker and 
oderick and described in an earlier paper!. These 


frames were fabricated from 8in. x 4in. @ 18]b. 
R.S.J. and each had a span of 16 ft. and a stanchion 
height of 8 ft. The first frame (FSF1A) was pinned 
at the bases and loaded as shown in Fig. 1; the 
second (FSF2A) was effectively fixed at the bases, 
being attached to a heavy compound girder, and was 
loaded as shown in Fig. 2. In each test, loading was 
continued until the frame either collapsed catastro- 
phically or developed deflections sufficiently large to 
render it unserviceable. 


Fig. 1 


Fig. 2 
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= strain at yield stress (fy) 
as determined by the simple 


plastic theory. 


O-6hP z 2 4 | 


3. Properties of Joist Section 


A comprehensive series of flexural tests was carried 
out on the batch of 8in. x 4in. @ 18 lb. R.S.J. from 
which the portal frames were fabricated, and results 
were also available from a number of tension tests 
on specimens taken from various positions in the 
cross section of the joist. A full account of this work 
has been given elsewhere?,3. It was found that the 
average properties of the steel could be represented 
by the stress/strain curve (a) in Fig. 3 where it is 
compared with the idealized form (curve (b) ) usually 
taken as a basis for the simple plastic theory. Curve (a) 
agrees closely with the average of observed values of 
the stresses at the limit of proportionality (fp = 
9-5 tons/in.2) and at yield (fy= 16-96 tons/in.2) and 
of the strain at the inception of strain hardening 
(e =12-7ey). It should, however, be mentioned 
that in the range fp to fy, the strains have been 
slightly increased to allow to some extent for the 
effect of residual stresses when using the curve as 
a basis for determining deformations of the joist. 

If now a range of bending stress distributions across 
the section of the joist are drawn in conformity with 
curve (a), a moment/curvature diagram can be obtained 
by graphical integration and expressed as curve (c) 
in Fig. 4. The corresponding relationship according 
to the simple plastic theory based on curve (0) is 
shown as curve (d) and corresponds to a full plastic 
moment (M)) of 271 -2 ton-in. 

This information can be used to obtain values of 
deformations. Consider for example the cantilever 
CD loaded as shown in Fig. 5 where the normal 
bending moment diagram is CED ; let it be assumed 
that from F to D the moments exceed the value 
M, (134-9 ton-in.) at which the limiting stress fp is 
developed in the extreme fibre. In this range the 
moment/deformation relationship will be non-linear 
and it is convenient to replace the static bending 
moment M at each section by an equivalent moment 
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Sy = curvature when extreme fibre 
strainis €., 
y 


My, namely the moment which would produce the 
same curvature in the joist had it remained fully 
elastic. Walues of this moment can readily be deter- 
mined from curve (c) in Fig. 4 and may be expressed 
as, 

M,z=oM =. : : , 2 - (i) 


Values so obtained for the cantilever would be repre- 
sented by the curve ab in Fig. 5. In this way the 
problem can be treated as one of elastic behaviour ; 
applying the simple moment-area principles to the 
modified bending moment diagram CabD, the tip 
deflection is given by, 


PB A a . . . . 
where 4 
A = Bfyn . -) . . le A (ii) 
x= yn . : . . . - (iii) 


Values of «, @ and y in expressions (i), (ii) and (iii) 
obtained numerically from the moment/curvature 
curve (c), are plotted for the 8in. x 4in. @ 18 lb. 
joist in Fig. 6 and have been used in calculating the 
deformations of the portal frames. 
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4. Pinned Base Portal Frame 


The deformations of a rigid frame in the partially 
plastic state will naturally be somewhat greater than 
would have been the case had the frame remained 
elastic, and therefore in attempting an accurate 
analysis account should be taken of the influence 
of these deformations on the distribution of bending 
moments. Referring to Fig. 7, the unknowns in the 
solution of the pinned base portal frame are the 
bending moments at B and D which may be determined 
from an equation based on the elasto-plastic deform- 
ations, and the equilibrium equation, 


Mao M y= WES 8). : : * (2) 


where the moments are taken to be positive when 
they produce tension in the extreme fibre on the 
inside of the frame. The term W5 represents the 
additional bending moment produced by the vertical 
reactions V, and V , in association with the side 
sway deflection and is described as a deformation 
moment. 


Fig. 7 
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Fig. 8 


The bending moment diagram for the frame, modified 
as described above to take account of the elasto- 
plastic lengths, is that shown in Fig. 8. Referring 
to Fig. 7, the rotations of the joints B and D can be 
expressed as, 


1 
Os => (8— 8) 


—l 
9p - ave (o 5x) 


where 3, and dy are the displacements of the tangents 
drawn at B and D, relative to the stanchion bases. 
Hence, 


i 7 
63 + Op = age (3_ — 8,4) : : ‘Fe-(iv} 


Applying the moment-area principles to the diagram 
in Fig. 8, 


Wi 
El(®p + p) =—5- + (Mp + My)i+ As+ As + Aa 
EIS, = ee he An) 
/ 2 
EI8y = = ( ++ Asis) 


and after substitution of these expressions, equation (iv) 
becomes, 


41 E 
+ (Mp + My) 3+ Arp + 42+ Ast Ag 


+Asf=0 + + @) 


where the areas A have the same signs as the bending 
moments with which they are associated. 

The sway (5) and the vertical deflection (3¢) under 
the load on the beam can be derived in the same 
manner and have the following values : 
be 
EI 4: 3 
Aoke A3%3 A 44 4 


~ 


$= + (Mz + 3Myp) 


Oh a (4) 


Ll | Wi2 1 
ee =e (M, + My) 


Aste , A3(2L—Z3) , Aa(2l — Za) 
pets Sal) Fs) Aa 7a] (5) 
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Observed collapse __load 


Observed deflections shown thus © 


14 16 18 20 


eee 
HORIZONTAL DEFLECTION § (IN) 


Fig. 9 


In the first examination of the frame no account 
was taken of the side sway deflection in determining 
the moment distribution. The procedure was simply 
to assume a value of My for a given value of W, 
then determine the corresponding value of Mp from 
equation (2) with $8=0, and finally to ascertain 
whether these moments would satisfy equation (3) in 
which the terms A and Z were evaluated with the 
aid of the curves in Fig. 6. Usually acceptable values 
of the moments could be determined after two or three 
attempts. Corresponding values of 5 and 3, were then 
obtained from equations (4) and (5). 

These values of 5, shown in Fig. 9 as curve (1), 
are somewhat less than those observed during the 
test on the portal for which catastrophic collapse 
occurred at W = 5-75 tons, as compared with a value 
of 5-65 tons calculated according to the simple plastic 
theory(). It will be seen that the theoretical curve 
shows no sign of failure at these loads. In fact at the 
last point calculated (W = 6-75 tons, § = 7-04 in.), 
there was every indication that the rate of increase 
in moment of resistance at the partially plastic sections 
due to strain hardening, should have been sufficient 
to enable the frame to support considerably more load. 

It was therefore evident that the influence of 
deformation on the moment distribution must have 
been a significant factor in determining the nature of 
failure of the frame. Due account has been taken of 
this in the second analysis. For a given value of W, 
values of both Mz and 6 were assumed in determining 
My from equation (2). For each value of 3, values 
of My and My satisfying equation (3) were obtained 
by trial and error. These were then used to determine 
a more accurate value of 3 from equation (4). By a 
process of iteration it was thus possible in a few 
cycles to arrive at acceptable values of both the 
moments and the side sway deflection for loads up 
to W = 5-55 tons corresponding to § = 9-46in. and 
shown as point A, on curve (2) in Fig. 9. However, 


TONS 


LOAD _W 


VERTICAL DEFLECTION 6, (IN). 


Fig. 10 
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300 W_= 4:38 TONS 


200 


BENDING _MOMENT 


Fig. 11 


at W = 5-75 tons, the observed collapse load, it was 
found that as the cycles of the calculation were 
repeated, the closing error in § began to diverge 
rapidly with consequent large increases in its actual 
value. Evidently the frame was theoretically incapable 
of sustaining this load. Conditions of equilibrium 
could, however, be established at values of 5 in excess 
of 9-46in. by reducing the load on the frame as 
represented by the portion AB of the curve (2) in 
Fig. 9 where the points A and B represent respectively 
the values W = 5-55 tons, $8 = 13-5 in. and W = 5:52 
tons, 5=20-0in. It should be emphasized that 
towards the end of the test increments of 0-2 tons of 
dead load were being applied; the frame supported 
loads of 5-55 tons but collapsed suddenly when the 
next increment had been added. There would seem 
to be little doubt that the catastrophic failure was 
brought about by a condition of general instability as 
indicated by the crest in the theoretical curve. A 
similar explanation of behaviour could have been 
given from a study of the vertical deflections (Se) in 
Fig. 10 where observed values are compared with 
curves (1) and (2) representing values calculated by 
first neglecting, and then taking into account the side 
sway, respectively. 

It is also of interest to examine the distribution of 
bending moment in the frame when partially plastic. 
In the test! four Maihak gauges were fitted at each 
of a number of sections away from the plastic zones 
so that bending moments could be deduced well into 
the loading range after yielding had commenced. 
In converting the observed strains into stresses in the 
non-linear range (i.e. for stresses in excess of fp) 
values were taken direct from the curve in Fig. 2. 
At a loading of W = 4-38 tons all but one of the sets 
of gauges were operating; corresponding values of 
bending moments are shown as circles in Fig. 11 and 
are compared with theoretical values shown by the 
full line (neglecting sway) and by the broken line 
(taking account of sway). The effect of sway is small 
at this stage of the loading but even so the latter 
solution is obviously the more accurate. 


At a load immediately prior to the last increment, 
namely W=5-55tons, 5 sets of gauges were still 
operating ; the corresponding bending moments are 
compared with theoretical values in Fig. 12. The 
effect of sway is naturally greater in this case and 
again there is evidence of better agreement with the 
analysis in which it is taken into account. 


5. Fixed Base Portal Frame 


The method of analysis used in examining the 
pinned base portal could, of course, be extended to 
cover the case of the fixed base frame, but the necessity 
of varying four moments in the trial and error procedure 
makes it extremely tedious. A more manageable 
method is a version of the slope-deflection approach 
devised by Rawlings in which the relationships 
between terminal moments and end slopes of the 
partially plastic lengths are first determined, and 
then by trial and error a bending moment distribution 
for the frame is found for which end slopes and 
deflections are compatible. 

This task is made easier in the present case by the 
fact that the partially plastic lengths between moment 
peaks AB, BC, CD and DE are all of the same length, 
namely 96in. The relationships between terminal 
moments and slopes for this length when bent in 
double curvature as at (a) in Fig. 13, may be obtained 
from a consideration of the modified bending momen‘ 
diagram (b). The slopes can be written as, 


eg Fe A, (|—@ 
Oe= FF [dem “ES paves es 
Aot 
+ = (6) 
Eels Aye 
Lae oF E (M, + 2My) + pas 
Ag (l—& 
coe a) (7) 
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Fig. 12 


where hogging bending moments are taken to be 
negative and the terms A have the same sign as their 
corresponding moment. From these and similar 
expressions for the case of single curvature bending, 
a family of curves, of which those in Fig. 14 are 
typical, were obtained relating terminal moments to 
end slopes for the 96 in. length of 8in. x 4 in. joist. 

For the fixed base frame, the horizontal equilibrium 
equation including the effect of the side sway deflection 
can be expressed as, 


Myc My eiM je Me me W248) eee(8) 


In obtaining the additional equations necessary for 
the evaluation of the moments, it is convenient to 
write the numerical values of the rotations at A, B... 
as 0,4, 03... and those of the corresponding slopes 
of members relative to the line joining the extremities 
of each of the lengths AB, BC...as Oay, Opa; 


Onc, 9on;--. It will be evident from Fig. 15 that, 
i On oe O45) = 5 A As o ' . (9) 
0% + Op) = 8 

or 
(04 = On) => (0% cE On) i * (10) 

Also, 

(8,3 — Opc-) = 8 

LES a by, us 
so that, 

(93 — 9pc) = (9pc — 8p) : ; - (12) 
in which 


Op = 0, + On — Opa 
and 0p = On -{- Onp — Opx- 


It will be seen that in the above equations account 
has been taken of possible rotation at the stanchion 
bases. This is necessary in the present case since the 


compound girder to which the stanchion bases were 
attached (Fig. 2) did, in fact, allow significant rotation 
to occur. A mirror was fixed to the centre of the web 
at the base of the windward stanchion and the rotations 
were recorded with a telescope and fixed scale. The 
bending moments transmitted through this connection 
between stanchion and compound girder were available 
from the readings of the Maihak gauges so that a 
moment/rotation curve could be plotted as shown in 
Fig. 16. This relationship has been assumed to apply 
to both stanchion bases. 


Fig. 13 


251 


N fe) @ 0 BS 
= = O Oo O 
‘o COs © fe) 


(SNviava) “96 40 SamivA 


N 
O 
O 


August, 1960 


Fig. 14(a) 


06 


> (\i 
| [ae 
ian 


\ 


Be 


62-32 (OSes o meee 


(SNVldvu) V6 30 S3nTVvA 
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Fig. 15 


Again, in the first examination of the frame no 
account was taken of the side sway deflection in 
determining the moment distribution. The procedure 
was to assume a value of (M@, — M,) = M for a given 
value of W and then to determine a corresponding 
value of (M@py—M,) =N from equation (8) with 
5=0. Using the curves in Fig. 14 and relating 
M, to 0, by means of the curve in Fig. 16, the 
component moments of M were chosen to give a 
reasonable value of 5 as expressed by the first of 
equations (9). The components of N could then be 
varied until equation (10) had been satisfied. Finally 
the values of M,, Mp, Mp and My so determined 
were checked by means of equation (12), again with 
the aid of the curves in Fig. 14. If this equation 
were not satisfied, a closer value of M was selected 
and the process repeated until a correct solution was 
obtained. Once the moments were known, values of 
§ and 3, could be deduced from equations (9) and 
(11) respectively. 

Values of the side sway deflection 3 so obtained are 
plotted as curve (1) in Fig. 17 and are compared with 
experimental values shown as circles. The latter, 
though somewhat less than the former, show the 
same general trend as the theoretical values. It was 
estimated according to the simple plastic theory that 
collapse should have occurred at W = 5-65 tons, but 
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Fig. 17 


as the experimental points show the frame continued to 
carry loads above this value. At W = 6-13 tons the 
test was discontinued for the day. A reading taken 
on the following morning showed that the horizontal 
deflection had increased overnight by about 18 per 
cent. Additional loading was then applied but had 
to be discontinued at W —=6-55tons, the limit of 
loading capacity. This load was left on for three days 
but showed no signs of causing collapse. This is borne 
out by curve (1) which continues to climb beyond the 
load of 6-55 tons corresponding to a value of 3 of 
7-71 in. as compared with an observed value of 7 -02 in. 

However, in deriving curve (1) no account has been 
taken of the influence of the deflection 3 on the stability 
of the frame. In the second treatment of the problem, 
the values of 85 given by curve (1) were used in 
equation (8). The subsequent procedure was as 
previously described, the final step being the determi- 
nation of a more correct value of 8 as given by 
equation (9). A sufficiently accurate solution could 
usually be obtained after a few cycles of the process. 
Values of § so determined have been plotted in Fig. 17 
as curve (2) for values of W from 5-33 to 6-55 tons. 
Unlike the corresponding curve for the pinned base 
frame, this one shows no signs of a crest thus indicating 
that the loading condition for instability does not 
occur in the region of the collapse load of 5-65 tons 
calculated according to the simple plastic theory. 

Corresponding theoretical and experimental values 
of 3, are shown in Fig. 18 and lead to similar 
conclusions. 

The highest load at which bending moments were 
recorded was W = 5-33 tons. The observed values 
are shown as circles in Fig. 19; the full line represents 
the theoretical values where side sway deflection is 
neglected, and the broken line those for the case when 
it is taken into account. The effect of this deflection 
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on the moment distribution is not particularly signi- 
ficant at this load; the general agreement between 
theoretical and observed values is good with the 
possible exception of those values in the length BC. 
It should however be mentioned that the vertical 
deflection (3¢) has some influence on the moment 
distribution over this length. Considering the vertical 
equilibrium of the frame, it can be shown that the 
bending moment at C is given by the equation, 
V§ 
Moi ttiMaeM 5) 


oO 


5 
} a (M, —M,) - (13) 


In determining the theoretical values of moments 
shown in Fig. 19, the term involving 3. has been 
neglected. As may be seen from the following Table 
the effect of including this term is to reduce Mg by 
about 2 per cent without causing any significant 
change in the moments at top and bottom of stanchions. 


Bending Moments (ton-in.) for W = 5-33 tons 


5 Sc M, | M, | Mc | Mp | Mr 
(in.) (in.) | 
Neglected | Neglected | 276 186 208 281 | 280 

2-46 Neglected | 278 195 212 282 282 


| 
0-86 278 


W_= 5:33 TONS 


Fig. 19 
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6. Conclusions 


(1) The accuracy of the method used for determining 
deflections is surprisingly good considering that it is 
based on a simple stress/strain relationship representing 
the average properties of the material over the whole 
cross section of the joist, and involves an integration 
over the length of each plastic zone. In its more 
accurate form where account is taken of the effect 
of the side sway deflection on the moment distribution, 
the theoretical values obtained are somewhat greater 
that those observed at the higher loads. In this 
connection, however, it must be remembered that 
the intention was to keep the duration of the tests 
within the limits of daylight and it was therefore not 
possible to exhaust the whole of the creep which 
could occur after the application of each increment 
of load. This effect would tend to be accentuated as 
the number of plastic zones increased and this would 
account for the greater difference between theoretical 
and observed values in the case of the fixed base frame. 

(2) By far the most useful outcome of the work is 
that of establishing more closely the character of 
the load/deflection relationship for a rigid frame 
structure in the vicinity of the collapse load as 
determined by the simple plastic theory. It becomes 
clear from the analysis that only the simplest of these 
structures will exhibit the characteristic of a simple 
beam in pure bending whereby a maximum loading 
condition is reached at which the member deflects 
continuously at a more or less constant rate. In 
general where the strength of the structure depends 
only upon its flexural properties, the behaviour will be 
typical of the fixed base frame, where strain hardening 
enabled the plastic sections to develop moments 
greater than the so-called ‘full plastic value’ and 
permitted the frame to carry loads in excess of the 
calculated collapse load. On the other hand, a structure 
may be sufficiently flexible for the deformation moments 
to increase at a greater rate than that of the growth 
of the moments of resistance due to strain hardening 
at the positions of peak moments. In this case the 
load/deflection curve will eventually show the drooping 
characteristic as in Fig. 9 and sudden failure will 
occur at the load determined by the crest of the curve. 
In the case of the pinned base frame the calculated 
collapse load and this load for instability were not 
very different ; they were, in fact, 5-65 tons and a 
critical load slightly in excess of 5-55 tons. However, 
as later experience has shown, the critical load can at 
times be significantly lower than the calculated 
collapse load, particularly for frames with tapered 
sections now being studied at the University of Sydney®. 

(3) Another point worthy of mention is the actual 
moment distribution, and in particular the values of 
the individual peak moments, at or near the predicted 
collapse load. According to the simple plastic theory 
both frames should have collapsed under loadings 
corresponding to W = 5-65 tons with individual peak 
moments limited to the full plastic value of 271 ton-in. 
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The greatest loading supported by the pinned base 
frame was W = 5-55 tons when the peak moments 
as determined by the more accurate analysis, are those 
given in the accompanying Table (see also Fig. 12). 
Evidently the combined effect of the deformation 
moments and strain hardening was to increase the 
moment at D by 15-5 percent above the full plastic 
value of 271 -2 ton-in. 


Theoretical Values of Bending 
Moments (ton-in.) 


Pinned 
Base 


Fixed 
Base 


5-65 3°36 


A similar effect may be noted in the corresponding 
values of moments given in the Table for the fixed 
base frame, the maximum increase over the full 
plastic value being approximately 8 percent at E. 
The lower value, in this case as compared with the 
pinned base frame, results no doubt from the reduction 
in deformation moments. 

The possibility of the peak moments exceeding the 
full plastic value in this way at the predicted collapse 
load is of importance in the design of welded splices 
and connections. Obviously where these coincide 
with sections likely to become fully plastic, all welds 
should be proportioned so that moments well in 
excess of the full plastic value can be transmitted 
without any danger of fracture. 

The author wishes to express his thanks to Mr. D. F. 
Rogers, B.E., Technical Officer in the Department 
of Civil Engineering, University of Sydney, for his 
assistance with the computations for the fixed base 
portal frame. 
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Some Points of Structural Interest at Calder 
Hall *A’ Nuclear Power Station 


by 


W. S. Watts, M.I.Struct.E., A.M.I.C.E. 


CALDER WORKS 


Fig. 1.—General arrangement of Calder Hall ‘A’ Nuclear Power Station. 


Synopsis 


The development of atomic reactors as an alternative 
source of power for use in electricity generating 
stations led to the design and construction, by the 
United Kingdom Atomic Energy Authority, of Calder 
Hall ‘A’ Nuclear Power Station which is situated on 
the opposite bank of the River Calder to the Authority’s 
Windscale Works in Cumberland. 

The project included two reactors requiring large 
foundations, concrete biological shield walls and 
associated steel framed buildings. These, together 
with a turbine hall, administration building, service 
ducts, bridges and two cooling towers with their 
services, comprise the complete station (Fig. 1). 

No explanation is given of atomic physics or of the 
intricate points of reactor design, but the principal 
features of the project are outlined, together with an 
account of some of the points of structural interest, 
including illustrations showing the work in progress 
on site. 


Introduction 


The design of the project, and particularly the part 
involving the reactors, was liable to have an appreciable 
amount of day to day modification upon it, resulting in 


a very tight programme for the detailing and con- 
struction. The Civil Engineering Contract was let on 
a prime cost basis in order that construction could 
immediately follow the final design, and to permit the 
progressive issue of detailed working drawings to the 
site. 

The early months of 1953 saw the start of construction 
with a road bridge over the River Calder giving access 
to the new site. By midsummer of that year the 
contract was let for the civil and structural engineering 
work, calling for an immediate start. The master 
programme showed that this work had to be completed 
in a period which would allow the station to be opened 
officially before the end of 1956. 

The value of the Civil Engineering Contract for the 
project was approximately {2-5M and a further 
appreciation of the work involved may be gained 
from the fact that there were some 150,000 cu. yds. 
of excavation, 3,300 tons of structural steelwork and 
75,200 cu. yds. of concrete using 2,500 tons of reinforce- 
ment. At the height of the contract the civil labour 
force consisted of approximately 750 men including, at 
one stage, 100 scaffolders. 

A breakdown of these figures shows that each of the 
two reactors required approximately 7,000 cu. yds. 
of excavation and 18,000 cu. yds. of concrete together 


Fig. 2.._The Road Bridge over the River Calder. 


with 700 tons of reinforcement. The steel framed 
building associated with the reactor took a total of 
900 tons of structural steelwork. The turbine hall 
included 800 tons of structural steelwork, with con- 
siderable quantities of reinforced concrete in the 
foundations and ductwork; each set of turbo-blocks 
required 300 cu. yds. of reinforced concrete. The two 
cooling towers are approximately 300 ft. high with 
a base diameter of 200 ft. and each required 4,000 cu yds. 
of concrete and 400 tons of reinforcement. 

Having briefly surveyed the extent of the work, 
particular aspects of the more important features 
will be described. 


The Road Bridge over the River Calder 


Unlike the more conventional electricity generating 
station, rail sidings are not necessary to the Calder 
Works and a road bridge (Fig. 2) forms the only 
access from the existing country roads, and from the 
Windscale Factory, to the new site. This bridge was 
a necessary preliminary to the main construction 
and had to be capable of taking all types of loading 
during the construction period, and subsequently 
when the station is in operation. It was, therefore, 
designed for the M.O.T. standard loading. 

The bridge has two outer spans each of 28 ft., with 
a central span of 34 ft.; the deck, 16 ft. above the level 
of the stream bed, carries two lanes of traffic and has 
a cantilevered footpath at each side of the roadway. 
The concrete abutments, faced with local stone to 
blend with the natural surroundings, and the inter- 
mediate reinforced concrete piers sited in the river, 
were founded on sandstone and construction was 
carried out using a 1: 2:4 mix with rapid hardening 
cement. 

A composite construction using 24in. x 74in. 
R.S.J.’s with an 1lin. thick concrete slab was used 
for the bridge deck. Reinforcing bars were secured 
to the top flange of the joists, at pitches dictated by 
the design, to take care of the shear between the 
concrete slab and the steel beams and so ensure the 
desired composite action. Construction was simplified 
by using permanent pre-cast concrete shutters across 
the top flanges of the deck -beams, an arrangement 
which also provided facilities for carrying service 
pipes and cables in a concealed position under the 
deck between the webs of the joists. The deck and 


footpaths were constructed in a 1: 2:4 nominal mix_ 


with Portland cement, having a specified cube strength 
of 3000 Ib./sq. ins. at 28 days. 
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In order to give a more pleasing appearance, and 
to provide a measure of protection, the underside of 
the cantilevered footpaths were haunched down 
along each side of the bridge to form a casing to the 
outer deck joists. 

A 3in. wearing surface of tarmacadam, laid in two 
courses, was provided for the roadway, whilst the 
concrete surface of the footpaths was patterned by 
a pin-head roller. 


The Reactors and Ancillary Buildings 


A simple diagram of a nuclear power station (Fig. 3) 
shows a basic similarity to coal or oil fired stations. 
At Calder Hall the heat is produced by the fission 
of the uranium fuel elements within the reactor core, 
this heat is gathered by a coolant, in this case carbon- 
dioxide (COg), which is pumped through the reactor 
and then into the heat exchangers, or boilers, via a 
closed circuit. 

The heat exchanger is basically a means of trans- 
ferrmg the heat from the coolant to the water, thus 
raising steam in the H.P. and L.P. circuits. The steam 
is then passed to the turbines, so providing the necessary 
power for generating electricity. 

The steam load of the heat exchanger, which is in 
circuit with the reactor, can be kept constant regardless 
of the load on the turbo-alternator and to permit this 
a “‘ dump-condenser ”’ is provided in the steam circuit. 
The dump-condenser is a large diameter drum, honey- 
combed with tubes through which water passes, and 
steam passed into the drum is condensed by the cold 
tubes. In this way it is possible to deal with all or any 
part of the steam raised in the heat exchangers which 
would otherwise pass to the turbines. 

The water used in the cooling circuit is pumped 
through the cooling towers to achieve the necessary 
temperature drop before re-circulating. 


Structural Aspects of the Reactors 


At Calder Hall the design of the vessel for containing 
the reactor core was not a structural responsibility, 
and attention will be focused on the raft foundation, 
biological shield and roof, the control, reactor cap and 
discharge buildings together with the blower houses 
(Figs. 4 and 5). 

The main structural problems associated with the 
Calder Hall reactors were :— 

(i) the provision of suitable shielding against 
harmful radiations and 


4 
Fig. 3.—Flow Diagram for Nuclear Power Station. } 
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a Section thrauch reactor and gas-cirentator houses 


Fig. 4.—_Longitudinal Section through Reactor showing blower houses. 


(ii) the design of the foundations for the large 
concentration of loading in the area surrounding 
the reactor vessel. 


The reactor core is gas cooled and graphite moderated 
and contained in a 2in. thick welded steel plate 
pressure vessel, which is housed within the concrete 
biological shield. The dead weight of the vessel, 
together with the loads from the graphite core, fuel 
elements etc., is transmitted to the main raft foundation 
through grillages. 

Harmful radiations are emitted from the reactor 
core following the fission of the uranium fuel and hence 
some form of shielding is required. To overcome the 
problems at Calder Hall an inner thermal shield of 
6 in. thick steel plate and an outer reinforced concrete 
biological shield were provided. The thickness of the 
concrete for shielding purposes had to be 7 ft. for the 
walls and 8 ft. for the roof. 

Ideally the biological shield would be a complete 
box surrounding the thermal shield, but in practice 
the box must be pierced by a large number of holes 
for ducts, charge and discharge mechanisms, inspection 
tubes, etc. In addition to its shielding purpose the 
concrete biological shield must carry both its own 
weight and all other applied loads, and effectively 
transmit them to the foundation raft. 

Normal reinforced concrete is the cheapest material 
which almost meets the ideal and economical require- 
ments for the biological shield of a reactor producing 
power on a commercial scale, and the shield at Calder 
Hall was designed on this basis. It is also an advantage 
to be able to use the outer faces of the biological 


shield to form one side of the adjacent control, dis- 


charge buildings and blower houses (Figs. 4 and 5), 
and again at Calder Hall, conditions were such that 
this course could be adopted without adverse effect in 


: any respect. 


WED —Secrion through reactor 


Fig. 5.—Cross Section through the Reactor showing 
Control and Discharge Buildings. 


As previously stated, the main factor influencing 
the design of the foundations was the large concentra- 
tion of load within the area of the biological shield ; 
approximately 20,000 tons being concentrated over an 
area which would have given a pressure in the region 
of 6 tons/sq. ft. Site investigations indicated that the 
raft would be founded in a glacial moraine of sand 
and gravel with clay lenses. The total depth of this 
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SE 
Fig. 6.—View of the Raft Foundation during 
Construction. 


strata was about 60 ft. and below this level was a bed 
of sandstone rock. Bearing in mind the desirability 
of restricting differential settlements to a low value, 
the permissible ground pressure at formation level, 
i.e., 15 ft. below normal ground level, was assessed at 
2-5 tons/sq. ft. Using this bearing pressure the area 
of the foundations was determined, and resulted in 
a raft 11 ft. thick, with a total load of 34,000 tons 
being transmitted to the underlying strata over an 
area of 13,500 sq. ft. 

When the foundation raft was constructed four 
brass levelling pegs were set in special housings, and 
settlement readings were taken continually throughout 
the construction period as the loading progressively 
increased. The maximum settlement, recorded over 
the construction period of approximately 2} years, 
was less than # in. and was uniform over the area 
of the raft. 


Construction of the Reactors 


The top soil was removed by the use of tractors 
and scrapers, and placed on soil dumps for future use. 

The main excavation of approximately 7,000 cu. yds. 
to each reactor, was carried out using a 1} cu. yd. 
dragline, the sides of the excavation being battered 
to a slope of 1 in 14. Immediately the excavation 
was completed over a particular area, oversite concrete 
was laid to protect the exposed surface. This procedure 
was repeated until the whole of the excavation was 
completed and the entire surface protected. 

Permanent brick shuttering (Fig. 6) was built on 
the oversite concrete to form the perimeter of the 
raft which was subsequently constructed in four 
lifts, each lift being poured in alternate panels or bays 
with the use of precast concrete stop-ends. The upper 
lift of the raft was provided with a 6 in. deep upstand, 
or ‘ kicking piece,’ to receive the bottom of the shutters 
for the first lift of the biological shield. Altogether 
a total of 264 tons of reinforcement and 5,200 cu. yds. 
of concrete were used in each raft. The time taken to 
construct a raft was about six weeks and at the peak 
of the work a pouring rate of 140 cu. yds. of concrete 
per day was achieved. 

It was decided from the practical point of view 
that the most advantageous shape for the main 
biological shield was an octagon. In addition, further 
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shield walls occur forming ‘ wings,’ or an ‘ envelope,’ 
on two sides of the main biological shield. As already 
mentioned, a load of 20,000 tons is concentrated over 
the area of the octagon. In order to spread this load 
over a rectangular raft developing a foundation area 
of 130 ft. x 104 ft., while still keeping the thickness 
in reasonable proportions, the wing or envelope walls 
were used as large stiffening ribs or gussets. These 
walls were, therefore, constructed as an integral part 
of the main octagon. 

The 85 ft. high biological shield walls were divided 
in plan into a total of 18 bays for the purpose of 
concreting (Fig. 7). There were eight bays to the 
octagon and five bays to each of the subsidiary shield 
walls or envelopes. 

Floors, occurring at four levels within the envelope 
walls (Fig. 4), were omitted during the main wall 
construction so as to speed up the programme for the 
octagon. These floors were subsequently carried on 
R.S.J.’s supported by brackets, which were in turn 
welded to steel wall plates cast in during the con- 
struction of the main walls. The envelope walls rise 
higher than the main biological shield walls and the 
concrete roof over provides seating for the 90 ft. high 
self-supporting steel ventilation shafts for the air 
cooling circuit. 

In the height of the octagon 20 lifts of 4 ft. 6 in. 
each were made. The upper lifts were stepped back 
in thickness from the inside face to provide seating 
for the various lifts of the biological shield roof. 

A high degree of accuracy on the inner face of the 
octagon was specified in order that the 6 in thick steel 
lining would fit successfully, so maintaining the 
necessary air passage for cooling between the steel 
lining and the biological shield. It also ensured that 
the plant items which were to be cast within the 
concrete walls would be within the permitted limits. 
An inner face tolerance of —}in. and +#in. was 
specified and it is interesting to note that the work as 
constructed was well within these limits. To achieve 
this accuracy both vertically and in plan a prefabricated 
steel angle shutter tower, or ‘spider,’ was used for 


Fig. 7.—Plan to Octagon and Envelope Walls. 
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Fig. 8.—Internal ‘‘ Spider ” and shuttering to Octagon 
Walls. 


the full height of the walls (Fig. 8). The spider had 
accurately positioned steel corner and intermediate 
soldiers, which, as well as forming a shuttering face 
themselves, also acted as jigs for the infilling wooden 
panel shutters. 

The outer faces of the walls were shuttered using 
2in. thick timber panels on steel braced arms, nut 
setters being used to cast nuts into each lift so allowing 
the shutters for the following lift to be secured. The 
shutters were lifted by the use of 5 cwt. chain blocks 
suspended from a higher point on the working scaffold 
adjacent to the wall. The outer faces, adjacent to 


Fig. 9.—CO, Duct through the Biological Shield. 


the steel framed Control, Discharge and Blower 
House buildings, had heavy steel wall plates, complete 
with anchor lugs, cast in flush with the wall face. 
Cleats were later welded to the plates forming seatings 
for the main floor beams and the scantlings of the 
adjoining buildings. This system had advantages 
from the shuttering point of view and helped to speed 
up the work on the main biological shield. Within 
the octagon anchor plates were cast in at each corner, 
and at intermediate positions, for the attachment 
of solid steel soldiers to receive the 6 in. thick thermal 
shield plates (Fig. 12). 


Fig. 10.—Site Layout. 
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Fig. 11.—The 100 ton Lifting Stick. 


Incorporated in the intermediate lifts of the main 
shield walls were cages for the burst slug detection 
gear, large holes for the COg pipes (Fig. 9) and 
numerous smaller openings, all of which presented 
problems relative to construction and concreting 
procedure. 

An important characteristic of the biological shield 
is that it shall have as high a density as possible. 
The specification for the concrete required a minimum 
dry density of 150 lb. per cu. ft. with a 28 day cube 
strength of 3,000 1b. persq.in. The only aggregate 
available within reasonable distance of the site which 
enabled these requirements to be guaranteed was 
Northumberland Whinstone. 

In order to ensure the necessary high standard for 
the concrete and workmanship in the biological 
shield special steps were taken, and the design and 
control of concrete mixes was carried out in a Site 
Concrete Laboratory with a full time engineer in 
charge. Full size ‘mock-ups’ of certain portions 
of the walls were concreted, to ensure that complete 
compaction had been achieved and that no voids 
were likely to arise around the many tubes etc., cast 
into the walls. 

A mix was designed using a low water/cement ratio 
to minimise shrinkage, and to assist in achieving the 
high density. This resulted in a mix using a 6:3: 1 
aggregate/cement ratio with a water/cement content 
of 0-52. All concrete was mechanically consolidated 
by the use of internal vibrators. 

At the vertical ends of all wall bays male and female 
type construction joints were used. The horizontal 
joint surfaces of all lifts were thoroughly hacked by 
hand for a depth of at least one inch, to ensure that 
no straight paths would exist for any hazardous 
leakage. 
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The majority of the concrete for the whole of the 
contract was mixed in a central batching plant using 
2—Stothert and Pitt 1 cu. yd. mixers, with separate 
weigh batchers for cement, sand, small and large 
aggregates, and with the use of calibrated water 
delivery gauges; the plant had storage capacity for 
500 tons of cement. The concrete was transported 
by specially adapted tipping vehicles, which conveyed 
and tipped 2 cu. yds. of concrete directly into skips 
for hoisting and placing by derrick cranes. Using 
these methods the concreting reached a peak of over 
2,000 cu. yds. per week with an average output of 
about 800 cu. yds. per week. The octagon and 
envelope walls took approximately seven months to 
complete and necessitated placing over 6,000 cu. yds. 
of concrete and 250 tons of reinforcement. 

Upon completion of the octagon and envelope walls, 
the internal spider was dismantled. The ‘well’ 
formed by the octagon walls was then handed over 
to the mechanical and electrical engineers for the 
installation of the reactor vessel. 

The reactor vessel, a cylinder about 40 ft. diameter 
and 60 ft. high, was assembled and welded on site 
from plates delivered from the works already curved 
and prepared for welding. A fabrication area was 
made available adjacent to each reactor (Fig. 10) and 
the vessel was fabricated in four main sections, each 
being 40 ft. diameter and weighing over 90 tons. 
The sections were assembled in line from the reactor 
so that by using bogies on a single track railway 
they could be moved to a suitable position under the 
100 ton capacity lifting stick. 

The ‘ big stick,’ as it became generally known, was 
located on an 80 foot high steel latticed tower and 
the head of the stick was guyed back by eight steel 
ropes to concrete blocks at suitable positions around 
the site (Fig. 11). The erection of this main lifting 


Fig. 12.—An A-Frame support for the Reactor Vessel 
and 6” thick Thermal Shielding positioned within the 
Octagon. 
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appliance was carried out using more conventional 
lifting equipment. Three sides of the latticed tower 
were erected and guyed, then the mast itself was laid 
at the foot of the open face of the tower and raised 
into a vertical position within the tower before the 
remaining face was erected, following which the 
mast was raised up vertically through the tower. 
Finally the jib was hoisted, using the mast, and 
secured to the base of the mast in the usual way. This 
whole erection operation lasted almost six weeks, 
but half this length of time was sufficient for 
dismantling. 

The steel soldiers, thermal shield plates and the 
inverted ‘A’ frame legs (Fig. 12) which support the 
reactor vessel were placed within the well of the 
octagon by means of the big stick and following this 
operation the finished vessel sections were successively 
lifted and placed in position. They were then welded 
together within the octagon to form the complete 
reactor vessel. 

The main task of the big stick was now completed, 
but it remained in position for use in erecting the 
90 ft. high steel ventilation stacks and the Bailey 
girders over the octagon well. Finally it was used for 
the erection of the pile cap building and the internal 
overhead electric crane. 

The heat exchangers, four of which surround each 
reactor, are approximately 18 ft. diameter and 70 ft. 
high, weighing 180 tons. They were fabricated off 
site in rings weighing about 25 tons each, being finally 
assembled and welded in a shop on site provided for 
that purpose. 

The fabricated shells, after testing, were transported 
by tractor and low loader to a position adjacent to 
their concrete base pedestals. Here they were 
transferred to temporary timber beds ready for 
lifting by a pair of ‘gin poles’ located on opposite 
sides of the pedestal (Fig. 13). A belt or saddle was 
placed round the body of the vessel near to the top 
and attached to this were the ropes from the gin 
poles. A tailing guy was attached to the base of the 
heat exchanger which was then lifted into the vertical 
position and seated on the pedestal. 

At this stage the erection of steelwork had con.menced 
on the adjacent Control Building and Blower Houses. 
The Control Building is a steel framed and braced 
structure having six floors including the one at reactor 
cap level. The floors are chequer plate, filler joist or 
normal reinforced concrete, depending upon their 


Fig. 13.—The Heat Exchanger in position for Lifting. 
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Fig. 14.—The Reactor Building nearing completion. 


particular purpose and location. An inner span of 
36 feet adjacent to the reactor face carries the main 
floor area at each level, e.g., control room, switchgear 
floor, etc., and the outer 14 ft. span houses the staircase, 
lift well, hoist well and ancillary service rooms. 

Steel erection was completed, including the roof 
steelwork which extended over the area of the main 
biological shield (Fig. 14). Thus the building could 
be made weathertight before the more intricate work 
of concreting the pile cap was put in hand. 

The two Blower Houses which, as their name 
suggests, contain the blowers and fans, etc., for the 
reactor coolant circuit, are steel framed and braced 
shed type buildings with welded, solid web, roof 
girders which span S58ft. The roof girders were 
fabricated from M.S. plates and delivered to site in 
one piece ready for erection. Each building has a 
height to eaves level of 40 feet and supported on the 
main columns at a height of 32 feet are gantry girders 
for an overhead electric travelling crane. The found- 
ations and ground floor slabs of these buildings are 
complicated by the ducts from the coolant circuits, 
and large foundation blocks had to be provided for 
the fans, etc. (Fig. 15). 

Meanwhile, following the dismantling of the big 
stick which had been used for the erection of the 
reactor vessel, erection proceeded on the Discharge 
Building. This building surrounds the discharge 
tube and chamber and is a conventional steel framed 
building with various floors for operational purposes. 
Considerable accuracy was required in constructing 
the floor at the reactor cap level, since the rails for 
the fuel element discharge machine are set in the 
reactor cap and continue over to allow the machine 
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Fig. 15.—Interior of Blower House. 


to deliver spent fuel elements down the tube in the 
discharge building. 

Upon the completion and successful testing of the 
pressure vessel, construction was started on the roof 
slab forming the biological shield across the top of 
the octagon and which becomes the operating floor 
for the charging and discharging of the reactor fuel 
elements. 

This roof slab is penetrated by more than one 
hundred tubes used for charging the reactor, and the 
space left between the tubes is very restricted, 
presenting problems from the design and construction 
point of view. The slab is 8 feet thick, having a 6 in. 
thick steel thermal shield suspended from the under- 
side, giving a total weight to be supported across the 
octagon of about 1,000 tons. The 8 ft. thickness was 
designed and constructed in four lifts, the lower three 
lifts including one at 1 ft. thick and two at 2 ft. 4 in. 
thick respectively. These lifts satisfied the structural 
requirements and the top 2 ft.4in. lift was left to 
suit requirements not finalised at the time of designing 
the structural portion. The 1 ft. thick bottom lift was 
poured in one operation; the second and third lifts 
of 2ft. 4in. were each poured in two areas, first a 
central area enclosing all the tubes through the roof 
and then the annulus surrounding this area and bounded 
by the octagon walls. 

When the requirements for the top 2 ft. 4in. lift 
were finalised they demanded the accurate setting, 
to a tolerance in line and level of + in., of seven 
lines of 115 1b. per yard flat bottom rail on which 
traverse the 50 ton charge and discharge machines 
(Fig. 16). This portion was constructed in two 
lifts of concrete ; the initial pour, over the full area, 
being used to position joist stools for the subsequent 
lining and levelling of the rails, the remainder then 
being solidly concreted, and having a separate grano- 
lithic topping to bring the finished floor up to top 
of rail level. 

The problem with the reactor cap was to support 
the concrete and thermal shielding during construction. 


Some method of suspension from above had to be 
devised, as strutting from the top of the pressure 
vessel below could not be permitted. To achieve this 
object two outer sets of 40 ft. span and three inner 
sets of 50 ft. span double-double Bailey girders were 
placed at high level over the octagon roof area (Fig. 17). 
The girders sat on steel cribbages bearing on the main 
shield walls, with the feet of the cribbages within the 
depth of the final 2 ft. 4 in. roof lift. 

Pairs of rolled steel channels were attached longi- 
tudinally under the bottom booms of the Bailey 
girders. These served to carry movable runway 
beams running transversely which were used for 
constructional reasons, but their main purpose was 
to support 2 in. diameter hanger rods at approximately 
5 ft. 4in. centres along the line of each Bailey girder. 
The centres of the hanger rods were dictated by 
the specified centres of the charge tubes which 
perforate the roof slab. 


Fig. 16.—Charge and Discharge Machine Rails ‘at 
Reactor Cap Level. 
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Fig. 17.—Bailey Bridge Assembly. 


At the lower ends of the rods continuous twin 
rolled steel angles were attached, to form the permanent 
seating for the 6in. thick thermal shield plates. A 
few inches above these plates further sets of twin 
angles were provided on which the permanent shutter 
plates for the concrete roof were placed. A predeter- 
mined camber was given to the angles before the 
plates were welded, so that after concreting the 
underside of the completed roof would be as near 
level as possible. The degree of camber was calculated 
from the results of loading tests which had been 
carried out on these particular Bailey girders while 
at ground level, prior to their erection over the roof 
of the reactor. The camber was achieved by adjustment 
on the screwed upper ends of the 2 in. diameter rods. 

Once the thermal shield plates had been fixed the 
permanent shutter plates were positioned and seal 
welded to prevent leakage whilst the concrete was 
poured. After fixing the necessary tubes the rein- 
forcement was placed and the bottom lift was poured 
followed by the second and third lifts. Levels were 
taken after the casting of each lift to check the 
reduction in camber. 

Seven days after pouring the third lift, the concrete 
having attained two-thirds of its 28 day cube strength, 
the rods hanging from the Bailey girders were released 
gradually and systematically, to prevent the possibility 
of overstress in any individual hanger. Upon release 
the hangers were burned off just above the concrete 
surface before the final lift was poured. 

A project such as Calder Hall requires ample lifting 
facilities and initially two 7-ton derrick cranes, with 
120 ft. jibs, were provided on tracks at the north and 
south sides of the reactor buildings. Later, in addition 
to the ‘big stick’ already mentioned, 10 ton cranes 
on 40 ft. high gabbards with tracks, were added on 
both north and south sides (Figs. 14 and 26). These 
latter cranes covered the lifting of large valves, duct 
work, etc., to the higher levels of the carbon-dioxide 
cooling circuit as well as assisting in the concrete 
work at these levels and with the erection of the 
surrounding superstructure steelwork. 


The Turbine Hall 


The turbine hall is sited centrally between the two 
reactor buildings and houses 4—23,000 k.w. generators 
together with their associated steam plant and electrical 
gear. 


Fig. 18.—24 ft. Level Floor and Roof Girders— 
Turbine Hall. 


The main hall is steel framed and is 240 feet long 
by 60 feet high with welded roof girders spanning 
80 feet (Fig. 18). The roof girders are tapered in 
plan and in elevation and have a 4-in. camber in the 
bottom boom. They were prefabricated in two pieces 
and delivered to the site for final preparation and 
welding to form the completed girder before erection. 

Running the full length of the hall is an internal 
gantry for an overhead travelling crane, which is 
supported on the main building columns. At a level 
of 24 feet above the ground floor slab, a chequer plate 
access floor is provided around the turbines, 


Fig. 19.—Foundations—Turbine Hall. 
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Fig. 20.—Completed Steam and Alternator Block— 
Turbine House. 


Within the area of the hall the foundation work, 
including ductwork for the cooling water inlet and 
outlet mains and the turbine foundations, required 
2,400 cu. yds. of excavation (Fig. 19). 

The turbine foundation block consists of a large 
reinforced concrete foundation, initially brought up 
to internal ground floor level, upon which a pre- 
fabricated steel framework was erected to form a bed 
at the appropriate level for the turbines (Fig. 19). 
The framework was then solidly encased in concrete, 
each block being completed in one continuous pour 
of 175 cu. yds. for the steam side block and 125 cu. yds. 
for the alternator block (Fig. 20). Considerable use 
was made of funnels and flexible delivery tubes during 
the placing of the concrete and in the early stages 
of the pouring operation the delivery of the concrete 
was controlled with the aid of radio communication. 


Fig. 21.—Pipe Bridge from Heat Exchangers to Turbine 
Hall. 


The turbine hall steam annexe is a two-storey steel 
framed building on the west side of the main hall. 
During the erection of the steel frame for the main 
hall the annexe steelwork was omitted so that a 10-ton 
derrick could be used adjacent to the Hall, proceeding 
from south to north and then retreating southwards 
erecting the annexe steelwork as it withdrew. 

On the east side of the main hall is another annexe 
housing the turbine control room and a number of 
rooms for electrical equipment. After the construction 
of the cable basement for this annexe the steelwork 
was erected by means of a steel pole and mobile crane, 
the foot of the pole being located in the cable basement. 

The cable basement is joined to the reactor control 
buildings by underground cable ducts. These were 
constructed using reinforced concrete base and roof 
slabs with brick retaining walls, and incorporated 


Fig. 22.—Administration Building. 
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Fig. 23.—Cooling Towers, Calder Hall ‘A’ Nuclear 
Power Station. 


an internal system of steel racking to carry the electric 
cables. Due to the considerable amount of work, 
and plant movement, in the areas adjacent to these 
ducts, the walls and slabs were designed for traffic 
loads over the majority of their length. 

At the gable ends of the turbine hall, steel framed 
pipe bridges are used to carry the steam pipes from the 
heat exchangers (Fig. 21). These are twin lattice 
girders with horizontal bracing at top boom level, 
leaving a clear internal space for the erection and 
maintenance of the pipes. 


The Administration Building 


On the east side of the turbine hall, and connected to 
it by a corridor at first floor level, is the administration 
building for the station (Fig. 22). This is a steel 
framed service building, part rising to two-storeys, 
with all the necessary administrative accommodation 
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Fig. 24.—Internal Scaffolding arrangement to Cooling 
Towers. 


located on the first floor level. The ground floor is 
used for maintenance workshops, kitchen and dining 
rooms. A feature of the administration building is the 
gable walls which are built in local stone in an attempt 
to produce harmony with the surrounding countryside. 


The Cooling Towers 


The two cooling towers (Fig. 23) rise to a height of 
300 feet and have a base diameter of 200 feet. Together 
they are capable of dealing with approximately 
150M gallons of circulating water per day, cooling it 
through 17°F at a rate per tower of 3M gallons per hour. 

The shells are supported on 64 columns, each having 
a diameter of 16 inches and springing from individual 
foundations below the level of the cooling pond. The 
columns were cast using semicircular steel shutters 
which were located at the correct angle by the use 
of scaffolding. 


Fig. 25.—Erection of Services Bridge over River Calder. 
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Fig. 26.—A Panoramic View of the Project nearing Completion. 


The scaffolding for the shell construction was 
prefabricated from M.S. angles and was supported off 
the base slab for the pond. As the shell rose so the 
scaffolding preceded it by a few lifts. The shell was 
constructed in 94 lifts using timber shuttering on 
steel clamp arms with special panels to allow for the 
hyperbolic variation in shape. 

In order that construction on the second cooling 
tower could proceed before the bituminous paint 
lining to the first shell was completed, the scaffolding 
was designed in such a way that it could be suspended 
from the shell at the level of the annular duct, the 
lower portion then being available for re-use, and so 
avoiding large scaffolding costs on repetitive work 
(Fig. 24). 

For the external wall of the pond travelling shutters 
were used, sections of the external wall and internal 
pond division wall being left out to give access during 
the construction of the cooling tower shells. 


General Services 


In any undertaking of the size of Calder Hall the 
term ‘ General Services’ usually covers a considerable 
amount of work. The most interesting item on this 
part of the project was the Services Bridge over the 
River Calder joining the new site to the existing 
Windscale Works (Fig. 25). 

The bridge has two cantilever spans located on the 
Windscale and Calder banks of the river respectively. 
These have a span of 63 ft. between the tower and 
trestle and a 21 ft. cantilever over the river to receive 
a central suspended span of 98ft., giving a clear 
distance over the river of 140 ft. 

An all welded lattice girder construction was used 
including site splices, only the horizontal bracing 
being site bolted. All the steelwork was zinc sprayed. 
The individual spans were pre-assembled in box form 
on their respective banks, the Calder side being erected 
by the use of mobile cranes, and that on the Windscale 


bank by using steel poles. The central span was 
assembled on the Calder bank. Under chosen river 
conditions, with a 30ton mobile caterpillar crane 
located in the river at shallow water, it was pushed 
out along a track suspended between cribbages in the 
river and then lifted into position by the large mobile 
crane. It will be appreciated that this operation was 
more hazardous than has perhaps been made apparent, 
for the River Calder can rise very rapidly, often as 
much as seven feet overnight. 


Conclusion 


The work described covers a more comprehensive 
field than is normally encountered by the structural 
engineer in one single project, and it has therefore 
only been possible to present some of the points of 
structural interest. 

The panoramic presentation (Fig. 26) of Calder 
Hall ‘A’ nearing completion portrays a design and 
constructional effort which was unique and has provided 
much valuable experience and information for further 
advancement of the nuclear power programme. 
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The Design of the Unbraced Stabbogen Arch * 


Written Discussion on the paper by Chin Fung Kee, 
M.Sc., A.M.I.Struct.E., A.M.I.C.E., A.M.I.C.E.I. 


Dr. W. G. GoDDEN commented that the problem 
of both transverse and axial forces acting on a laterally 
unbraced arch rib within the range of elastic action 
raised two important issues, namely, the application 
of Southwell’s method, and the evaluation of stress 
from an assumed deflection profile. 

As the Author had based his work on the use of 
Southwell’s method, Dr. Godden suggested it might 
be well to consider the range of applicability of that 
useful device. 

Timoshenko! showed that if a nominally straight 
pin-ended strut had an initial eccentricity of y» given by 


2x 
Yo = a1 sin ™ +4 az sin =™ 4 ag sin 2 4... (1) 


then under the action of an axial load H the strut 
underwent further deformation y; due to H given by 


# 1 3 SIN TX i 1 baa 21x 
3 AN es al 2 SIN —— 
Bes; L 4Her L 
H H 
+ : Re a (2) 


where Hey was the first critical load or Euler load 
of the strut. 

It would be noted that in (1) the terms of the series 
represented the basic modes of failure in the strut, 
and in (2) the values Her, 4Her, and 9H ¢y etc., were 
the corresponding critical loads. 

Southwell’s method in effect neglected all terms 
except the first in (1) and (2) whence 


”= Clee) , = ~ (3) 
lal 


and the axis transformation used in the Southwell 
method resulted in a linear relationship between 


Yi and 4, from which an accurate extrapolated estimate 


H 
for Hey could be found. 


It was important to remember this assumption 
of the higher terms of (1) and (2) being negligible 
before applying it to any specific problem, as for the 
assumption to be valid the following conditions must 
be fulfilled :— 

(1) The critical loads of the system must be well 
separated. 

In the Euler strut problem this was so, the ratio 
between the first three critical loads being 1: 4: 9. 


*Published in ‘‘ The Structural Engineer’ Vol. XXXVII, 
No. 9, September 1959. 


Hence as the applied H approached the primary 
critical load Hey the first term in (2) became very 
large relative to the rest. It could, however, be seen 
that if for any reason the critical loads were not so 
well separated, the solution was not so simple—for 
example, if the second critical load was close to the 
first, then the second term would increase rapidly 
with the first causing a break-down in the assumption. 

In a laterally unbraced arch made with a tension 
membrane, the first two critical loads were almost 
coincident?, and although experimentally one could 
get round this difficulty by measuring the deflection 
at mid-span where the even terms vanish, the relative 
value of the next critical load, namely the third, 
was not known. 


(2) The values of H used must not be small relative to 
Hey. 

This could be seen from (2). Only as H approached 
Hey did the first term become so large that the others 
could be neglected. In practice the Southwell Plot 
seemed to work well for values of H between 0-5 and 
1:0 Her, below 0-5 Her experimental points might 
not always lie on the linear part of the graph. This 
hardly mattered when the value of Her was required, 
but could be serious if any effort was made to use the 
method for predicting deflections for low values of H. 
For example in Figure 2, graphs f, e, and d were 
plotted for high values of H that might be outside the 
design range, and whereas the inverse slope of this 
would give an accurate estimate for Her, the designer 
when estimating stress might be interested in what 
happened in the lower part of the graph, and as he 
had explained, it was problematical if the points 
would le on the drawn straight line in that range, 


(3). If one dealt within the range of say H =O to 
0-5Her, then the Southwell Plot would only be linear 
if the second and higher terms of (1) were negligible— 
that is, if the initial eccentricity of the system (whether 
due to construction or wind loading) approximated 
very closely to the primary buckling mode. This must 
be watched carefully as it was not always close enough. 
In the case of an arch rib the deflection form due to 
uniform transverse loading was not quite the same as 
the primary buckling mode (perhaps due to torsional 
effects). Hence if the higher terms in the series were 
neglected, there might be an appreciable error in 
estimating the value of z; the increase of z due to H. 


It would appear thus that when dealing with loads 
of less than say 50 per cent of the buckling load, 
it was not safe to assume that the Southwell Plot 
was a valid means of calculating displacement unless 
one had some knowledge of the form of the eccentricity 
curve (1) and also of the series equivalent to (2) in the 
problem in hand. 


With regard to the evaluation of maximum bending 
stress from a knowledge of the central deflection, 
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the expression 


ca | ( sin = -- ssin =) . . - (4) 
was an assumed primary buckling mode for a perfectly 
plane arch, that was to say, it was equivalent to the 
first term of (1) for a straight strut. This expression 
had been shown to be accurate enough for an energy 
solution of the first critical load, but that solution 


2 
does not depend on taking M = = which could be 
inaccurate, but on evaluating M from the external 
forces acting on the system. It was not necessarily 
justifiable however to take this assumed expression, 
(or the even more approximate equivalent in x instead 
of s) and differentiate it twice thus multiplying errors, 
unless the expression was known to be very accurate. 
Also, the two causes of initial eccentricity, namely, 
construction tolerances and wind could not always be 
taken in the form of (4) which could be the only real 
justification of this method of estimating M and hence 
maximum stress. It would appear that a safer method 
for finding maximum moment was from a consideration 
of the external forces acting on the structure in any 
instance, and that required a knowledge not only of 
central deflection, but also of the overall deflected 
shape taking all the important factors, including the 
torsional rigidity into account. 

Dr. Godden considered Mr. Chin had made an 
interesting start into what was an extremely difficult 
problem of elastic analysis, and the precise data of 
Figure 2 showed clearly the behaviour of a solid 
circular section arch rib deflecting at mid-span up to 
almost twice its own width under the action of large 
axial forces. He thought, however it might be unwise, 
to infer from limited data that arches of any section 
would behave in this way over the full range of 
loading, and Dr. Godden felt that to use the method 
advocated in the Paper for estimating maximum 
stress might possibly lead to considerable error in 
some cases, especially when the amount of transverse 
deflection was small. 

References 
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Mr. M. GREGORY was interested to see the Southwell 
Plot on deflections used to obtain not only the elastic 
critical load of the arch but also the effect of practical 
imperfections, in order to establish empirical information 
useful in design. Some experimenters had used the 
plot merely to confirm the values of critical loads 
calculated by theoretical means, but the power of 
the plot in obtaining quantitative data concerning 
the effects of “imperfections” such as crookedness, 
eccentricity, or lateral loading, had been largely 
neglected. It was the collapse load that interested 
the designer, and it was pleasing to note that Mr. Chin 
had made good use of all the data obtained from the 
equation of the linear deflection plot in order to 
predict the maximum stress in the arch rib. Collapse 
could be assumed to occur when the yield stress was 
reached, as the reserve strength in the plastic state 
was probably small. 

Mr. Gregory then referred to the Southwell Plot 
on measured strains. He had found this plot to be 
linear for many buckling problems and the equation 
of the plot led directly to a design criterion. Strains 
were conveniently measured and the deflection analysis 
avoided. It would be interesting to see the results of 
applying this method to the unbraced arch rib. 


The Structural Engineer 


References 


Gregory, M. S., ‘‘ The Use of Measured Strains to obtain the 
Critical Load of a Strut,’’ and ‘‘ The Use of Measured Strains 
to obtain the Critical Load of a Triangular Frame.” Civil 
Engineering, London, October 1959. ‘‘ Further Research on 
Bolted Angle Struts’’ and “The Collapse of Triangulated 
Frames containing Bolted Angle Struts.” Water Power, 
August and October 1959. ‘‘ The Use of the Southwell Plot 
on Strains to Determine the Failure Load of a Lattice Girder 
when Lateral Buckling Occurs.’’ Australian Journal of Applied 
Science, Vol. 10. No. 4. December 1959. 


THE AUTHOR in reply said there was no doubt from 
Timoshenko’s analysis that in the case of the pin-ended 
strut, the values of H must be a large fraction of Her 
before the Southwell plot would yield a close estimation 
of the critical load and that with low values of H, 
the points might not lie on the linear part of the plot. 
Unfortunately, a similar expression as equation (2) 
was not available for the Stabbogen arch, and it would 
be unjustifiable to infer from this equation that the 
arch would also behave in the same manner. Dr. 
Godden had indicated that in the strut problem, the — 
ratio of the first two critical loads was 1 : 4, whereas 
in the case of the arch these two critical loads were 
almost coincident. That was evidence that equation (2) 
could not be applied to the arch in toto. For want of a 
series equivalent to this equation for the strut, it 
would be more prudent and justifiable to deduce from 
experimental behaviour. 

Experiment No. 3 (f) was performed over values 
of H ranging from 0-:22H¢y to 0-:85Her. The experi- 
mental data were as given below : 
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The plot of the results in the elastic range was 
given in Figure 6. It was apparent that over the entire 
range of H of from 0:22Hey to 0-85Her the points 
were consistent and lay close to the straight line. 
The intercept on the z axis of the Southwell plot 
would still have the same value, irrespective of whether 
H was a small or a large fraction of Hoy. 

Experiments with small values of H should be per- 
formed with special care. The existing design of the 
testing bench did not prevent the occurrence of local 
instability or slip at the arch bearing plates (J in Plate 2) 
resulting from the shortening of the chord length 
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due to lateral deformation under a transverse load. 
This movement of the ends of the arch would produce 
a scatter which it would be incorrect to attribute to 
behaviour predicted by equation (2) for the strut. 
It was with the intention to exclude such local instability 
that experiments such as No. 7 were carried out with 
such high initial values of H. 


The Author referred to Dr. Goddens’ statement 
that since the deflected form due to initial curvature 
and to lateral wind load could not always be taken as 
that of the characteristic buckling mode, there was no 
real justification in basing the evaluation of maximum 
bending stress on the characteristic buckling mode, 
and Mr. Chin suggested that to assess the validity of 
this statement, one might first bear in mind that the 
theoretical value of Hey was evaluated on the energy 
criterion of stability, i.e. Raleigh’s Method—viz.: 
that at the critical load the work done by the external 
forces was equal to the strain energy acquired by the 
system. The strain energy due to bending and to 
torque were taken into account; the expression for 
bending moment and for torque were based on the 
buckling mode given by equation (4). Southwell (2) 
proved that in assessing the critical load of the pin- 
ended strut by Raleigh’s Method, a value very close to 
the critical load would still result even if the deflected 
form assumed was not quite that of the characteristic 
buckling mode. In the case of the arch, both Dr. 
Godden and the Author had found by experiment 
that the Southwell plot would still yield a close 
estimation of the critical load even though the initial 
curvature and deflected form of the arch were nowhere 
close to that given in equation (4). In fact, “ Even 
in the extreme cases where the maximum displacement 
occurred at the hanger adjacent to that at mid-span, 
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this lack of symmetry had no apparent effect on the 
value of the crippling load obtained.” (3). Though the 
deflected form due to a transverse load was not 
identical with the characteristic buckling mode, the 
critical load obtained from the Southwell plot was in 
close agreement with the theoretical value of Her, 
as was evident from the results for experimental series 
3 and 7 quoted in the Paper. 

If the difference between the value of the critical 
load under an applied lateral loading and that computed 
on the basis of the characteristic buckling mode was 
small, then the error in assuming that the expressions 
for bending moment and for torque for the arch under 
the applied lateral lead were the same as those derived 
for an arch distorting under the characteristic mode 
was even smaller. That was so because the total strain 
energy was obtained by integrating the square of the 
expressions for bending and for torque. Therefore the 
method which the Author had presented for the 
evaluation of stress from the deflection profile was not 
inadmissible. 

He pointed out further that in those experiments 
where the arches were loaded until collapse, there was 
close agreement between the collapse load registered 
and the maximum load Hy» calculated by the method 
outlined in the Paper (Table 2). 

As would be seen from Table 1, experiment 3 (f) 
was one such experiment. The value of e was obtained 
from the Southwell plot (Figure 6) and used in the 
calculating H m. 


(1) 
Table 2. 


e-cm Theoretical Maximum load 
Experiment f (Obtained from Value of Hm registered in 
Southwell plot) (Ib) 


experiment 
(Ib) 

0-40 90-0 87-3 

0-28 98-7 98-8 


THE AUTHOR pointed out that experiment 3 (f) was 
performed with a lateral load in the form of a point 
load applied at the crest of the arch rib. The deflected 
form under this form of loading was obviously not the 
same as the characteristic buckling mode given in 
equation (4), but nevertheless the maximum load that 
the arch could sustain under test was in close agreement 
with the calculated value. That was clear indication 
that the doubts raised by Dr. Godden were unfounded. 

Experimental series No. 7. was conducted with an 
arch of circular cross-section and it was not intended 
that the results obtained would be applicable to arches 
of all cross-sections. Figure 5 with its curves for sections 
of various y, was mainly to enable the designer to 
calculate the value of Her and to note the very small 
effect which different values of y had on the critical 
load. 

Mr. Gregory’s method of assessing critical loads by 
measuring strains was interesting and certainly merited 
the attention of future researchers on the arch problems 
and for verification of some of the issues raised in the 
Paper and in the discussion. The Author hoped that 
his observations might be of assistance to future 
investigators in the same way as those made by 
Dr. Godden and others on this subject, had been of 
value to him. 
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Lancs. 

GABAY, Leslie Oliver, ST. C. of Twickenham, Middlesex. 

Goopwin, Donald John, of Bradford, Yorkshire. 

Hares, Malcolm John Edmond, of Blaenavon, Mon. 

Harris, Edward George, of London. 

Hewson, Kenneth Norman, B.Sc.(Eng.), of Transvaal, 
South Africa. 

HomeErsHAM, Peter Gerald, of Romford, Essex. 

JONES, Michael Sidney, of Battlefields, Shrewsbury. 

MACLACHLAN, Ian Hamilton, of West Montreal, Canada. 

PEsKETT, George John, of London. 

SHAH, Chandrakant Bhailal, of Ahmedabad, Bombay 
State, India. 

WILKINSON, Frederick Alan, of Bolton, Lancs. 


Associate-Members to Members ; 


BisuHop, Reginald Walter, O.B.E., B.Sc.(Eng.), M.I.C.E., : 
of Pinner, Middlesex. 

Bootu, Clifford Stanley, A.M.I.C.E., of Bolton, Lanes. 

DuckwortH, Norman, of Salford, Lancashire. 

Eastwoop, Wilfred, B.Eng., Ph.D., A.M.I.C.E., of 
Sheffield. 

GIpWANI, Govind Menghraj, B.E., M.Sc., A.M.I.C.E.,” 
of Warlingham, Surrey. nian 

Hott, Hermann Paul, of London. 


LInTILL, Walter Henry, of Cardiff. 
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Lone, Alwyn Edward, B.Sc.(Eng.), A.M.I.C.E., of 
New Milton, Hants. 

MarcuaM, Albert, B.Sc.(Hons.), A.M.I.C.E., of Durban, 
South Africa. 

MARSHALL, George, of Bulawayo, Southern Rhodesia. 

NeEwrTon, Peter Dennis, B.Sc., A.M.I.C.E., of Middles- 
brough, Yorks. 

ee Rao, Josyula, B.E., M.Sc., of Kharagpur, 

ndia. 

Watts, William Sanderson, A.M.I.C.E., of Culcheth, 
Nr. Warrington, Lancs. 

WILLIAMS, John Olav, B.Sc., A.M.I.C.E., of Liverpool. 


Member to Retired Member 


Brown, Robert Cyril Woodlands, of Douglas, Isle of 
Man. 


OBITUARY 


The Council regret to announce the deaths of 
Edgar Bain, Hector Christopher BENNETT, John 
Percival CLARK, and Arthur John Hore (Members) ; 


Alexander Somerled MacKicHan (Retired Member), © 


William Archibald DurosE (Retired Associate Member) 
and Peter Harris (Student Member). 


RESIGNATION 


Notification was given that the Council had accepted 
with regret the resignation of Michael William PicKArD, 
(Student Member). 


HONOURS AWARD 


In offering their sincere congratulations to the 
following member on the distinction conferred upon 
him, the Council feel that they are also expressing 
the good wishes of the Institution. 

ORDER OF THE BriTISH EMPIRE—O.B.E. to Mr. 
R. H. L. Sung (Member). 


THE MAITLAND LECTURE 


The Council having considered the entries for the 
Maitland Lecture Competition for 1960-61, have 
decided to make no award. The regulations governing 
the award have been revised and are now as follows :— 


(1) The Institution of Structural Engineers shall 
include once every two years in their Sessional 
Programme of Meetings a written lecture to be 
known as “ THE MAITLAND LECTURE ” com- 
mencing with the session 1962-1963. 


(2) The Maitland Lecture Committee shall submit a 
list of suitable names to the Council of possible 
lecturers and the Council will thereafter invite one 
of these distinguished personages, not necessarily 
an Engineer, to deliver the Maitland Lecture. The 
subject of the lecture is to be selected by the 
lecturer and approved by the Council. 


(3) Invitations to the lecturer shall be timed so as to 
ensure that not less than 18 months is available 
to the lecturer for the preparation and submission 
of the lecture, which will be given at an Ordinary 
Meeting of the Institution in the early part of the 
Session. 

(4) No lecture shall have been published or read 
elsewhere. It will, in due course, be printed in the 
Journal. 

(5) The lecturer shall receive a Maitland Silver Medal, 

suitably inscribed, and in addition, a premium to 

the value of £250. ea 
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(6) The Maitland Lecture Committee shall be consti- 
tuted annually and shall consist of the President 
and three of the immediate Past Presidents. 


EXAMINATIONS, JANUARY, 1961 


The Examinations of the Institution will next be 
held in the United Kingdom and overseas on 10th 
and 11th of January, 1961, (Graduateship,) and 12th 
and 13th January, 1961 (Associate-Membership). 


RULES OF CONDUCT 
UNION OF SOUTH AFRICA 


Under Clause 3 of the Institution’s Rules of Conduct 
a corporate member regularly practising in some part 
of the Commonwealth other than the United Kingdom 
may order his conduct according to the Rules of 
Professional Conduct or Code of Ethics of any national 
society or body in that part of the Commonwealth 
and recognised for this purpose by the Council. 

Notice is hereby given that the Council have officially 
recognised the Rules of Conduct of the South African 
Institution of Civil Engineers for this purpose. 


ANNUAL DINNER, 1961 


The Annual Dinner of the Institution will be held 
at the Dorchester Hotel on Friday, 5th May, 1961. 


EXAMINATIONS 


PREPARATION FOR THE EXAMINATIONS OF THE INSTITU- 
TION BY ATTENDANCE AT TECHNICAL COLLEGES 


A candidate for Graduateship or Associate-Member- 
ship may be able to attend a Technical College ;_ these 
notes are intended to guide him in choosing the most 
suitable instruction. 


PREPARATION FOR THE GRADUATESHIP EXAMINATION— 


Technical Colleges offer : 

(a) Full-time courses for degrees or Higher National 
Diplomas in Building or Engineering. 

(b) Part-time day or evening courses for Higher 
National Certificates in Building or Engineering. 


If he obtains a Higher National Certificate or Diploma 
complying with Appendix II, Section V, of the Regu- 
lations Governing Admission to Membership, the 
Candidate will be exempted from the Graduateship 
Examination. 

Alternatively, he may study subjects selected from 
the available courses and sit the Graduateship Exam- 
ination. At Technical Colleges, courses are usually 
available in Building Science or Engineering Science, 
Strength of Materials, Theory of Structures and 
Surveying, but students are not normally allowed 
to select subjects from National Diploma or Certificate 
courses unless they can show evidence of sound training 
in more elementary studies. The advice of the College 
Authorities should be followed. 


PREPARATION FOR THE ASSOCIATE-MEMBERSHIP 
EXAMINATION 


At some Technical Colleges there are part-time 
courses in Structural Engineering which cover the 
syllabus of the Associate-Membership Examination. 
At other colleges the candidate must rely on Higher 
National Certificate courses or on advanced courses 
in Building, Civil Engineering or Municipal Engineering. 
These cover only part of the requirements for the 
Associate-Membership Examination. 


Piffpe 


Colleges in List ‘A’ provide at least two years of 
instruction in Theory of Structures and in Structural 
Engineering Design and Drawing up to Associate- 
Members hip standard. They also give instruction in 
Structural Specifications, Quantities and Estimates. 


INTERNATIONAL ASSOCIATION 
FOR SHELL STRUCTURES 


As a result of the rapid development in the design 
and construction of Shell Structures, an International 
Association has been formed to organise meetings and 
congresses for the interchange of ideas on the subject. 

The Association held its First International Collo- 
quium in September last, and more than 100 specialists 
from twenty-countries attended the meetings. 


Further information may be obtained from the 
International Association for Shell Structures, Alfonso 
XII, 3, Madrid (7), Spain. 


REPRESENTATION 


The Council have appointed the following Institution 
representatives : 
British Standards Institution— 
Council for Codes of Practice : 
Mr. L. E. Kent (President) and Mr. B. Scruby 
(Member of Council) to succeed Mr. Walter C. 
Andrews (Past President) and Mr. Gower B. R. 
Pimm (Past President). 


Asbestos Cement Products Industry Standards Com- 
mittee ASB] : 
Mr. C. E. Cannons (Member), to succeed Mr. P. G. 
Bowie (Member). 


Ready-Mixed Concrete, Technical Committee CEB/9 : 
Mr. J. vA Derrington (Associate-Member), to succeed 
Mr. P. G. Bowie (Member). 


Proposed ols of Practice on Prevention of Steel 
Corrosion— 
Drafting Committee : 
Mr. R. W. Schofield (Member). 

Revision of CP 101— Foundations and sub-structures 
for houses, flats and schools of not more than two 


storeys. Drafting Committee : 
Mr. R. D. McMeekin (Member). 

Revision of CP 204—Insitu Flooring, Drafting Com- 
mittee : 

Mr. S. B. Tietz (Associate Member). 


Revision of CP 143.201: 1951 — Asbestos-Cement 
Sheet Roof Coverings, Drafting Committee : 
Mr. A. W. Hill (Member) 

CP 112—The Structural Use of Timber, 
Committee : 

Mr. J. H. Japp (Associate Member). 


Joint Committee on Materials and their Testing : 
Mr. L. E. Ward (Member of Council), to succeed Mr. 
J. Singleton-Green. 


BSI Codes of Practice Scottish Advisory Committee— 
Mr. E. H. Cooley (Associate-Member) 
Mr. W. Shearer Smith (Member). 


BSI Building and Engineering Services Committee in 
Scotland, B/—/2 : 
Mr. W. T. Taylor (Associate-Member). 


Darlington College of Further Education—Mechanical 
and Production Engineering Advisory Sub-Committee : 
Mr. B. K. Mayoss (Associate Member) (re-appoint- 

ment). 
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Branch Notices 


LANCASHIRE AND CHESHIRE BRANCH 
Hon. Secretary: W. S. Watts, M.I.Struct.E., 
A.M.I.C.E., 11, Newchurch Lane, Culcheth, Nr. 
Warrington, Lancs. 


MIDLAND COUNTIES BRANCH 
Hon. Secretary: S. \M. Cooper) A Met Sirierias 
“ Applegarth,’’ Hyperion Road, Stourton, Nr. Stour- 
bridge, Worcestershire. 


GRADUATES’ AND STUDENTS’ SECTION 


Hon. Secretary: H. T. Dodd, Shepherd’s Cottage, 
Grove Lane, Wishaw, Sutton Coldfield, Warwickshire. 


NORTHERN COUNTIES BRANCH 
Hon. Secretary: P. D. Newton, B.Sc., M.1.Struct.E., 
A.M.I.C.E., c/o Cusson & Partners, 112, Borough 
Road, Middlesbrough, Yorkshire. 


NORTHERN IRELAND BRANCH 
Hon. Secretary: U. Clements, A-M.UStruciie 
A.M.I.C.E., A.M.I.Mun.E., 3, Kingswood Park, Cherry- 
valley, Belfast, 5, Northern Ireland. 


SCOTTISH BRANCH 
Hon. Secretary: W. Shearer Smith, M.I.Struct.E., 
A.M.I.C.E., c/o The Royal College of Science and 
Technology, George Street, Glasgow, C.1. 


SOUTH WESTERN SECTION 
Hon. Secretary: C. J. Woodrow, J.P., “ Elstow,” 
Hartley Park Villas, Mannamead, Plymouth, Devon. 


WALES AND MONMOUTHSHIRE BRANCH 
Hon. Secretary: W. D. Hollyman, 41, Greensfield 
Avenue, Dinas Power, Glamorgan. 


WESTERN COUNTIES BRANCH 
Hon. Secretary : A.C. Hughes, M.Eng., A.M.I.Struct.E., 
A.M.I.C.E., 21, Great Brockeridge, Bristol, 2: 


YORKSHIRE BRANCH 
Hon. Secretary: W. B. Stock, A.M.I.Struct.E., 34, 
Hobart Road, Dewsbury, Yorks. 


UNION OF SOUTH AFRICA BRANCH 
Hon. Secretary: A. E. Tait, B.Sc., AML Struct ses 
A.M.I.C.E., P.O. Box 3306, Johannesburg, South 
Africa. 

During weekdays, Mr. Tait can be contacted in the 
City Engineer’s Department, Town Hall, Johannesburg. 
Phone 34-1111, Ext. 257. 

Natal Section Hon. Secretary: J. C. Panton, 
A.M.1.Struct.E., A.M.I.C.E., c/o Dorman Long (Africa) 
Ltd., P.O. Box 932, Durban. 
Cape Section Hon. Secretary : R. F. Norris, 
A.M.1.Struct.E., African Guarantee Building, 8, St. 
George’s Street, Cape Town. 


EAST AFRICAN SECTION 
Chairman: R. A. Sutcliffe, M.I.Struct.E., P.O. Box 
30079, Nairobi, Kenya. 
Hon. Secretary: K. C. Davey, A.M.I.Struct.E., P.O. 
Box 30079, Nairobi, Kenya. 


NIGERIAN SECTION 
Chairman : W.. Henderson, E:R.D> “Bisem 
M.1.Struct.E., M.I.C.E. 
Hon. Secretary: A. Brimer, A.M.I.Struct.E., Brimer, 
Andrews and Nachshen, Private Bag Mail 2295, 
Lagos, Nigeria. 


SINGAPORE AND FEDERATION OF 
MALAYA SECTION 
Chairman: T. F. Lee, B.Sc. 
Hon. Secretary : W.N. Cursiter, B.Sc., A.M.I. Stine 
A.M.I.C.E., c/o Redpath Brown & a ber Pil 
Box 648, Singapore. a 


. 
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MLAXIMUM WOTKADILLILY 


LYTAG gives greater workability for a particular mix than any other lightweight aggregate, 
because its spherical particles present the minimum surface area to be wetted. 
Minimum shrinkage and high early strength 

The low water contents of LYTAG concretes lead to reduced drying shrinkages and give 
high early strengths. Surface finishes obtained on precast concrete units are smooth and 
pleasing. 


£) fea ati ) L 7 TT 
High fire resistance with low «| alyes 


{ Ck) 1 bi 


The combustible content of LYTAG is less than 4%. It will withstand temperatures of up 
to 1,000°C without damage. At the same time, it provides a ‘U’ value well below that of 
ordinary concrete. For example, the ‘U’ value of a 6” LYTAG structural concrete element 
would be less than a half that of the same element in dense concrete. 


-O / a he o/ rr ’ le 
60 70 A 77 — 100 /O e]] LCLENL 
LYTAG is produced from pulverised fuel ash by a carefully controlled sintering process. 
Spherical in shape, it has a slightly roughened surface so providing an excellent key for the 


adhesion of cement. 


Technical literature covering all aspects of LYTAG will be forwarded on request. Write to: 


LYTAG LIMITED "*enrszm crime ane 
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tet SIMPLEX 
JACKS 
take the weight 


SIMPLEX offers the largest range in the World. — Standard 

production models up to 300 tons of the remote control 

type many having CENTRE HOLE construction for lifting 

or pulling with pull rods through the centre of the 
ram without torque. 


Single and double Pump Hydraulic 
Jacks up to 100 tons 


Special lightweight jacks for 
prestressing concrete 


LARGE RANGE OF MECHANICAL JACKS 


INCLUDING 
JOURNAL AND BRIDGING JACKS 
MULTIPLE OPERATION SPECIAL MODELS FOR 
Shut-off valves to control the lift of each ram ote ane 
FOR LIFTING BRIDGES AND OTHER MOVING PLANT AND MACHINERY 
LARGE STRUCTURES ETC. 


The Equipment & Engineering Co. Ltd. 2&3 Norfolk Street, London, W.C.2 Tel Temple Bar 1088 


CONTACT PYNFORD LTD FOR A 
Complete Foundation Service 


* SITE INVESTIGATIONS that are clear and to the point. 
* NEW FOUNDATIONS designed and/or constructed to suit 


all site conditions. 


Speedy Site Investiga- 
tions. Foundation 


e 
* UNDERPINNING by the proved Pynford method for high ° Design and Construction: 
: ‘ 


Piling, Undepinning, Con- 
level b ,or b : é tine 
evel beams, or below ground level trolled Jacking, Mining Sub- 


* JACKING Re-levelling existing buildings and cheap ° sidence Control. Beams at 

provisions for new buildings. ht ss Hele pepe 8 unde 

“ Existing Buildings, Excavating 

* EXCAVATING SHIELDS supplied for ° Shields supplied. Structural al- 
digging to any depth through shifting ground such as sand > irene 


. . e 
mixed with water. 
e 


Illustrated brochure will be despatched to you on request. Write or ’phone any query to 


P y n f  @ ) r d L j mM j t ( d Foundation Engineers 


Patentees 


74 LANCASTER ROAD, STROUD GREEN, LONDON, N.4. Tel: ARChway 6216/7 
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This is only one of the diameters which are drilled by our modern mobile plants 
for deep foundations to a depth of 200 feet. Our technical staff is at your service 
to advise you on the most economical solution of your foundation problems. Send 
your enquiries to Peter Lind and Company Limited at Romney House, Tufton Street, 
London, S.W.| or Tel: Abbey 7361. 
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STRUCTURES#in STEER 
CRANE 
GIRDERS 


Specialists in heavy 

steel structures for 

nearly sixty years 

places us in a unique 
position to assist those 

who design and plan in 
steel. Steelwork for 
cranes of all types and 
capacities, crane gantries, 
plate girder work, etc., are 
only a few of our many pro- 


ductions. The _ illustration . : ; , 
shows: 16-ton E.O.T. crane ; meg ee Our technical engineers are at your 


120’-0” span 4-girder lattice service for consultation at all times and 
type under construction. we look forward to hearing from you. 


SKIP WITH, JONES & LOMAX LTD. 


WEST GORTON MANCHESTER Tel : East 2771 


Newallastic 


NEWALLASTIC Structural Bolts can be 
tightened to their ultimate tensile stress 
with an adequate margin of safety, 
thus enabling designers to make the 
fullest use of bolting when 
designing steel structures. 
NEWALL TORSHEAR BOLTS used 
with the special Torshear air-tool 
provide automatically controlled tightenin 
governed by the shearing of . Newall Torshear 
the extension on the bolt. 


<M 


eS At 
Fill! 


AN Di =C.0;M-P A N:Y.. LM dete & TORSHEAR” Brochure available on application 
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DeLrELDINGS 


LOWTON 


GROUP 


WARRINGTON 
(PAS SIT Og OM E 


LONDON 
Rees HEN +G 


LOWTON CONSTRUCTION CO. LTD. WARRINGTON, LANCS.  ’Phone LEIGH 1080 


38 The Structural Engineer 


CANADIAN 


R PLYWOOD ON 


sperreenneemeraren — 


meee a ae 


e 


Many are the reasons for the ever-increasing construction 


site uses for Canadian Fir Plywood. The easily-erected George Cooper & Sons 
panels cut labour costs—provide rugged all-weather PROPRIETORS TEOs Ww Wwianttee 
hoardings that look good and can be used again and again. EFFINGHAM NUT & BOLT WORKS 
The large 8’ x 4’ panels will withstand severe impact. SHEFFI E LD 


Phone: 41026 Grams: COOPER 


C7 


LORRY 
MOUNTED 


TARSLAG 


y FB CRANES 
available 
<A JIBS UP 
: TO 140 
Fir Plywood is versatile. It is ideal for site offices and storage “l FEET 
buildings, time clock and telephone booths, walkways, 
overhead protective barriers, and public observation plat- LIFTS 
forms. Strong, lightweight Fir Plywood panels edge-marked UP TO 
PMBC EXTERIOR are bonded permanently with waterproof 90 TONS 
and boilproof phenolic resin glue. . he 
is) =e 
Aneta eat ‘ARSLA G 
INNS : 
DOUGLAS FIR P pa 
For all information about Fir Plywood fl ae jae MARKED | Rotherham 78481 Stockton 65101 
write to:, Pm ——— 
PLYWOOD MANUFACTURERS ASSOCIATION ! REMBC ED tenes : Wolverhampton 23881 Newcastle-on-Tyne 21377 
OF BRITISH COLUMBIA HAS WATERPROOF GLUE ° . 
4 Carmelite Street, London, E.C.4, | jfile | Chesterfield 4908 London ViCtoria 0407 


20MPT PIPESMEN WHO NEED NO PROMPTING Pipesmen Grant, 


ddox, Powell and Pacitti cover four of the nine areas in Britain. Their pledge (along with 

five other pipesmen, too busy to pose for the photographer!) is ‘delivery on the dot’. 
ichever area you are in, there is someone ready to ensure that your order for Allied cast 
n pipes, gutters and fittings is carried out promptly. He is your personal pipeline to the 
ied Service. You will issue your order or send him drawings. He will take off the quantities 7 


suired and send you any information you may need. You can depend on it—and him. For area 1 


lephone Stockton 65291; for area 9, Falkirk 2441; for all other areas, Wellington (Salop) 510. 


inwater and soil goods division of ALLIED IRONFOUNDERS 


: 
: 
x 
¢ 
é 


LEY WELLINGTON SHROPSHIRE 
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GRADE “R” 
HIGH STRENGTH 


TORQUE BOLTS 


Now used by Structural Engineers as 
an alternative to Rivets or Mild Steel 
Nuts and Bolts. 


They give a pre-determined clamping effect 
and are not loosened by vibration. 


Assembly of pre-fabricated structures on 
site, Is speeded up. 
No heavy riveting equipment Is required | 


and the absence of noise enables assembly : See ny} 
to be done at night. 


Assembly consisting of a Heat Treated 
Bolt and Medium Tensile Nut and Two 
hardened Washers. 


WMARTIN WINN LZD. 
DARLASTON °* S. STAFFS. 


Telephone : JAMES BRIDGE 2072 (5 lines). 
Telegrams : ACCURACY, DARLASTON. 


Zinc coated structural stee/work—the /argest span tubular 
builaing in the world. 


Photograph by permission of Tubewrights Ltd. 


Sprayed Zinc undoubtedly gives the finest form of 
METAL SPRAYING FOR THE LONGEST protection for steel against atmospheric conditions. 
NVetal spraying can be done at our Works or complete 
POSSIBLE PROTECTION AGAINST CORROSION Plants can be supplied. Our wide experience is at your 


disposal, we invite your enquiries. 


METALLISATION LTD., BARCLAYS BANK CHAMBERS, DUDLEY, WORCS. TJe/ephone: 53321-2 
Scotland: Metallisation (Scotland) Ltd., Ba/lochmill Road, Rutherglen Telephone: Rutherglen 1956 
N.E—. Coast: Portrack Lane Industr al Estate, Stockton-on-Tees. Telephone: 64585 


M-W.154 
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SITE INVESTIGATIONS 


\ i 
Nee, 


ae 
SLO REW A Sy as 
for pre-foundation testing 


Pre-Piling Surveys Limited offer a complete service for all types of ground testing. 
Their pioneering activities in connection with in-situ methods are well-known and 
they also offer a fully comprehensive laboratory service using the latest equipment. 
The name of the Company is generally associated with the ‘Deep Penetration’ 
test—a technique mainly used to gather piling data—but which is also valid for 
the solution of many other foundation problems. 

A combination of deep penetration tests and boreholes, in conjunction with a 
small amount of laboratory testing, will enable a very clear assessment of the 
ground conditions beneath a site to be established. This combined approach to 
a site investigation will allow the survey to be carried out quickly, and perhaps 
more important, economically. 

Pre-Piling Surveys give a full consultancy service on any subject connected with 
ground testing and their Representatives are available to travel anywhere at shori 
notice. 


PRE-PILING SURVEYS LIMITED 


PLANT DEPOTS IN LONDON LEEDS AND SOUTH -WALES 


Our latest brochure is available for those Engineers and Architects 
who would like to know more about the activities of Pre-Piling Surveys Limited. 


AAA ATT 
sa 
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CONCRETE PILING LTD 


London and Belfast 


49 YEARS 
OF 


‘CONCRETE 
EXPERIENCE 


CIVIL 
ENGINEERING 
CONTRACTORS 


10 WESTMINSTER PALACE GARDENS 
ARTILLERY ROW LONDON SW1 
Telephone Abbey 1626/7 


Specialists in Reinforced 


Concrete Construction 


4 Economy of labour—that’s the really 

: = : big saving possible when you use 
Richards High Strength Friction Grip Bolts. A two man team only Is 
required for bolting against four men when riveting. And there is no 
heating required, no noise and simplified erection methods are 
possible. Surely very sound reasons why you should . . . 


»- - USE 


RICHARDS 


high strength friction grip bolts 


CHARLES RICHARDS & SONS LTD., P.O. BOX NO. 23, DARLASTON, WEDNESBURY, SOUTH STAFFS 
‘Phone: James Bridge 3188 (8 lines) P.B.X. Wires: ‘Richards’ Darlaston 
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New Teaching Buildings for 
Loughborough College of Technology 


These buildings comprising workshop, aero-auto 
and foundry blocks are of all-welded portal 
frame construction, containing :— 


480 tons of steelwork 
fabricated and erected by Rubery Owen 


ARCHITECTS: Messrs. Richard CONSULTING Messrs. Hajnal MAIN Messrs. William 
Sheppard, Robson ENGINEERS: & Myers, CONTRACTORS: Moss & Sons Ltd. 
& Partners, London London Loughborough 


RUBERY OWEN & CO. LTD. 
RU B E; R Y O WE, N STRUCTURAL DIVISION 
P.O. BOX. 10. DARLASTON, WEDNESBURY, STAFFS. 


TECHNICAL BUREAUX: LONDON: BIKMINGHAM : COVENTRY : SOUTHAMPTON : MEMBER OF THE OWEN ORGANISATION 
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OFFICIAL APPOINTMENTS 


Air Ministry Works Designs Branch requires in London Structural 
Engineering, Designer Draughtsmen for reinforced concrete 
or structural steelwork of all types. Applicants must have 
adequate training and several years experience. Some site 
experience and possession of recognised technical qualification 
an advantage. Financial assistance and time off may be allowed 
for recognised courses of study. Promotion and pension prospects. 
Five day week with eighteen days paid leave per year initially. 
Salary ranges from £680 (at age 25) to £900 p.a. Commencing 
salary dependant on age, qualifications and experience. Appli- 
cants, who must be natural born British subjects, should write 
to Air Ministry, W.G.d., Lacon House, Theobalds Road, London, 
W.C.1, or apply to any employment Exchange quoting King’s 
Cross 3745, giving age, details of training, qualifications, full 
particulars of former posts held and copies of any testimonials. 
Candidates selected will normally be interviewed in London 
and certain expenses reimbursed. 


ELECTRICITY SUPPLY BOARD (Dublin)—Vacancies for 
Structural Design Engineers (Temporary). The Electricity 
Supply Board has vacancies on its Civil Engineering Design 
staff at its Head Office in Dublin for (a) Engineers not over 
35 years of age with at least eight years experience on the 
design and construction of civil engineering work, the major 
portion of which should be on heavy reinforced concrete and/or 
structural steel work; salary will be not less than £1,009 p.a. 
in a Scale rising by annual increments to a maximum of £1,257 
p.a. (b) Engineers not over 30 years of age with at least four 
years experience as set out above for (a), salary will be not 
less than {817 p.a. in a Scale rising by annual increments to 
£1,162 p.a. Candidates must possess a University degree in 
Civil Engineering or an equivalent qualification. Design 
experience on steam generating stations would be an advantage. 
The commencing salaries within the above scales will depend on 
qualifications and the nature and extent of experience, but 
will be not less than the figures mentioned above. The appoint- 
ments will be on a temporary basis and are expected to continue 
for at least three years. Applicants should clearly indicate 
the particular position(s) in which they are interested; appli- 
cations should set out the candidates’ age and full details of 
their qualifications and experience (with dates) and should 
reach the Personnel Officer, 27, Lower Fitzwilliam Street, 
Dublin, not later than fourteen days from the date of this 
publication.—J. G. Gargan, Secretary. 


STRUCTURAL ENGINEERS 


required in Architect’s Department, L.C.C., salary up to 
£1,250, in: 


(a) Structural Engineering Division—Extensive pro- 
gramme includes multi-storey flats, schools, offices, 
warehouses and other buildings. 


(b) Structural Engineering Division—To deal with 
applications in respect of special structures under Part IV 
of the London Building Act (A) Act, 1939, and the 
constructional Byelaws. Interesting work involving con- 
sideration of unconventional forms of construction. 


_ (c) District Surveyors’ Service—Work mainly outside 
involving negotiations with architects, engineers and 
surveyors and supervision of works in progress. 


Good prospects in all these aspects of the Council’s work. 
Form and particulars from Hubert Bennett, F.R.I.B.A., 
Architect to Council (EK/SE/1638/8), County Hall, S.E.1. 


SURREY COUNTY COUNCIL.—Applications invited for appoint- 
ment of Structural Engineers, salary rising to a maximum of 
£1,220 p.a., according to age, qualifications and experience, 
plus £40 to £45 p.a. London Allowance. Must be qualified 
Structural or Civil Engineer and have had experience in design 
and detailing of steelwork and/or reinforced concrete for medium 
to large scale contracts. Applications stating age, qualifications, 
experience and present salary, accompanied by copies of three 
testimonials, to County Architect, County Hall, Kingston, 
as soon as possible. 


The Structural Engineer 


PLYMOUTH and Devonport Technical College, Tavistock 
Road, Plymouth.—Principal, E. Bailey, B.Sc., F.R.LC., 
A.M.I.Chem.E.; Full-time courses in civil engineering, Session 
1960-61 ; B.Sc.(Engineering) London External, College Diploma, 
Course of three years duration; Recognised by I.C.E. as 
exempting holders from parts I and II of the Associateship 
Examination. For full particulars apply to the College Registrar, 
Clerk to the Governors. 


SITUATIONS VACANT 


CONSULTING Engineers, require Designer/Detailer for R.C. 
and Steel framework, retaining walls, foundations, piling, etc. 
Write giving full details of training, experience, qualifications 
and salary required to, Hurst, Peirce & Malcolm, Artillery 
House, Artillery Row, Westminster, S.W.1. 


CAXTON REINFORCED CONCRETE LTD. 


Applications are invited for the following progressive 
and permanent appointments to our Engineering Staff 
for a large and varied programme of reinforced concrete 
work. 


(a) Senior Designers.—Min. qualifications H.N.C., with 
some experience in design and a good knowledge of 
structures. Must be capable of handling contracts from 
start to finish without supervision. 

(b) Junior Engineers.—Min. qualifications O.N.C. capable 


of detailing and able to design from outline schemes. 


Pleasant working conditions, good salaries, superannua- 
tion scheme, usual holidays. 

Please write to Chief Engineer, 45, Bedford Row, W.C.1, 
giving brief details of qualifications, positions held and 
present salary. 


CONSULTING Engineers require in their London office 
experienced R.C. designers and designer/detailers; also ex- 
perienced detailers willing to learn design. Five day week, 
good salaries for the right people. Apply in writing to S. Zukas, 
Chief Engineer, John de Bremaeker & Partners, 3, Southampton 
Place, London, W.C.1. 


EDWARD A. PITCHER & Partners require the following staff 
for their new E.C.4 offices: Section Leader for R.C. Dept., 
R.C. designers, R.C. detailers, drawing office Junior. Good 
salaries in accordance with experience and qualifications. 
Luncheon vouchers, holidays honoured. Apply 14, Queenhithe, 
E.C.4. 


E. J. COOK & Co. (Engineers) Ltd., require design engineers 
and designer/detailers for reinforced and prestressed concrete. 
Salaries in accordance to ability and experience. Five day week. 
Luncheon vouchers; Pension scheme; Holiday arrangements 
will be honoured. Write or telephone for application forms 
from 54, South Side, Clapham Common, S.W.4. (Macaulay 5522). 


E. J. COOK & Co. (Engineers) Ltd., have vacancy for designer/ 


detailer in Structural steelwork office, with opportunity to ~ 


gain experience in reinforced concrete work. Salary according 
to experience and ability. Five day week. Luncheon vouchers ; 
Pension scheme; Holiday arrangements will be honoured. 
Apply to 54, South Side, Clapham Common, $,W.4. (Macaulay 
5522). 7 
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CLASSIFIED ADVERTISEMENTS—continued 


EXPERIENCED Designer/Draughtsman with a knowledge of 
precast and/or insitu work, is required for the Design office 
(near Stockport) of a nationally established firm of reinforced 
concrete specialists. The successful applicant will be expected 
to work under a minimum supervision on a wide range of designs, 
both in the project and final design stages. Initiative and 
hard work will be rewarded. There is a contributory super- 
annuation scheme in force, and existing holiday arrangements 
will be honoured. Applications stating salary required to Box 
9103, STRUCTURAL ENGINEER, 43a, Streatham Hill, S.W.2. 


EXPERIENCED Senior and Junior Structural Draughtsmen 
required by Structural Engineers in Harrogate. Good working 
conditions—canteen facilities—pension scheme. Apply in own 
handwriting, stating age, qualifications and salary required to 
Chief Draughtsman, Octavius Atkinson & Sons Ltd., Prospect 
Works, Starbeck, Harrogate. 


HOLLOWAY BROTHERS (LONDON) LTD. 


have a vacancy in their 
Building Division for an 


ASSISTANT 
STRUCTURAL ENGINEER 


Applicants should be aged 25 to 35 and have experience 
in design and detailing of reinforced concrete and steel 
structures. A knowledge of building construction and 
contracting work would be an advantage. Applicants 
should preferably be qualified Structural Engineers. 


The Company offers five day week, three weeks annual 
holiday and operates a contributory Pension Scheme. 


Applications giving details of age, experience and qualifi- 
cations should be sent to 


THE SECRETARY 
157, Millbank, London, S.W.|1. 


HUSBAND & Co. Consulting Engineers, have several vacancies 
for designer/detailers, experienced in reinforced concrete and 
steel, preferably A.M.I.Struct.E. Salary according to qualifi- 
cations and experience, but not less than £900 p.a. Luncheon 
vouchers are provided and there is a pension scheme. Apply 
in writing to Husband & Co., 58, Victoria Street, London, S.W.1. 


J. H. COOMBS & Partners have vacancies in their London and 
Sunbury offices for senior designer draughtsmen fully experienced 
in multi-storey R.C. framed buildings and capable of handling 
a large contract from start to finish. Vacancies also exist for 
good detailers. Write, stating age, experience and salary 
required to Thames Corner, Sunbury-on-Thames, Middlesex. 
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Truscon 


in 1960 


Truscon Drawing offices are now busier than ever, and 
interesting, challenging schemes of great variety are 
arriving at our office every day. This means that our 
reinforced concrete design staff, which over the years 
has been steadily growing, now needs the support of 
extra men, and, essentially, men of the right character 
and quality. 


We hope that these men will help to maintain Truscon’s 
own tradition of quality—and this applies both to 
construction and design. Indeed it may be that the early 
collaboration between our design and construction staff 
together with the constant interchange of information 
between office and site which an organisation such as 
Truscon permits, will of itself prove an attraction to the 
ambitious and imaginative, yet experienced, men we are 
seeking for our design offices. 


The following positions are vacant: 


London 


2 reinforced concrete design engineers, with first-class ex- 
perience of both project schemes and working drawings. 


2 reinforced concrete detailers, again with first-class 
experience. 


Harlow, Birmingham and Manchester 


In each office: one designer and one detailer with 
similar qualifications to the above. 


Please write initially to our Director-Engineering at 
Truscon House, Lower Marsh, London, S.E.1: giving 
brief details of your qualifications, positions held, 
experience gained and salaries earned. We are anxious 
to give applicants every opportunity to justify themselves 
at an interview, which will be in confidence and can, if 
necessary, be arranged outside business hours. 


Jobs with Truscon are, subject to usual conditions of 
employment, permanent and secure yet progressive 
Salaries are good, as are holidays and sick pay entitle- 
ment. We have a good pension scheme, with dependants’ 
benefits, and a profit sharing scheme for staff. Promotion 
is by merit alone, and although we already have a 
number of mature young men holding down responsible 
posts, there’s always room for more. We shall be pleased 
to hear from anyone who would like to discuss the 
possibilities of joining Truscon in 1960. 
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This Journal 


is printed 


and bound by 
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CLASSIFIED ADVERTISEMENTS—continued 


DESIGNER / DETAILERS 


REINFORCED CONCRETE 
THE MODULAR CONCRETE CO. LTD 


Have vacancies in their Engineering Department for 
Designer/Detailers on interesting reinforced concrete 
work, both insitu and precast. Previous experience with 
specialist firm in this field desirable, but not essential. 
Working conditions are first-class. Basic salary up to 
£1,100 according toexperience. Profit sharing bonusscheme 
after a probationary period. Superannuation Scheme. 
Subsidized canteen. Five day week. 


Positions are progressive and offer excellent experience 
to energetic men interested in developing up-to-date 
techniques of design and construction. 


Please apply in writing, stating age, training, experience 
and present salary to : 
Personnel Manager, 
1258-60, London Road, 
Norbury, S.W.16. 
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JOHN LAING & SON LIMITED 
require 


DESIGN ENGINEERS AND DRAUGHTSMEN 


for design and detailing reinforced concrete structures. 
A range of appointments offer excellent prospects to both 
qualified men and those who are studying for qualifications. 
Pension scheme and other progressive benefits. 


Apply giving qualifications and experience to : 


The Personnel Manager (D.E.3), 
John Laing & Son Ltd., 
London, N.W.7. 
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LEADING British Trading Company with branches throughout 
Far East and world wide Associated Companies requires a 
Civil Engineer under 30, preferably single for employment in 
Malaya. Candidates should be Graduate or Associate Members 
ef the Institution of Civil Engineers or hold academic quali- 
fications acceptable to the Institution which the successful 
candidate would be required to join. Considerable knowledge 
and experience of general Civil Engineering for factories, buildings 
and allied construction required. Furnished accommodation 
at nominal rent. U.K. leave. Medical and contributory retire- 
ment schemes. Other terms of service to be discussed at 
interview. Write to Box 9102, STRUCTURAL ENGINEER, 43a, 
Streatham Hill, S.W.2. 


LONDON W.1 and Cardiff offices of Civil Engineers require 
designer/detailers. Minimum of three years experience in 
either reinforced concrete, precast or prestressed work. Five 
day week, Superannuation Scheme. Full details to Chief Engineer, 
British Steel Reinforcement Co. Ltd., 20, Harcourt House, 
19, Cavendish Square, London, W.1, or telephone LANgham 1493. 
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CLASSIFIED ADVERTISEMENTS—continued 


A. MONK & COMPANY LTD. 


CIVIL ENGINEERING & BUILDING CONTRACTORS 
PADGATE, 


WARRINGTON 


Design Engineers required for head office design depart- 
ment. Applicants should have experience in R.C. design. 
General Civil Engineering design experience, e.g. form- 
work, Cofferdams and temporary works would be advan- 
tageous but is not essential, as suitable applicants will be 
able to gain experience in these spheres. Opportunities 
for visiting sites, investigation of foundation problems 
and carrying out of laboratory tests on concrete and soils. 
Permanent and progressive posts with Superannuation 
Scheme. 


Apply Personnel Manager at the above address 


REINFORCED concrete detailers required by Leonard & Grant 
in their South London drawing offices. Only top men should 
apply. High salaries. Interview by appointment. Phone 
TATe Gallery 8496. 


SALES Engineer, required to promote the sales of a new product 
which facilitates the erection of steel structures. Experience 
in the design and erection of structural steelwork and a good 
knowledge of welding are necessary. Details of experience and 
salary required to Box 9101, sTRUCTURAL ENGINEER, 43a, 
Streatham Hill, S.W.2. 


STRUCTURAL detailer/draughtsman required. Good salary 
for young man capable of working with minimum supervision. 
Apply R. L. Bourqui & Partners. Tel. ELM 0439. 


R. C. DESIGNER/detailers and detailers required in Hammersmith 
office of Consulting Engineers. High salaries and good prospects 
with interesting work. Five day week; Pension Scheme ; 
Holiday arrangements honoured. Apply in confidence with full 
details of experience and salary required to Alan Marshall & 
ee Federal House, 2, Down Place, W.6. Tel. RIVerside 


STRUCTURAL ENGINEER 
EXCEPTIONAL OPPORTUNITY 


Consulting Civil Engineers, Westminster, require a fully 
qualified structural engineer with wide experience, for 
position as chief designer in reinforced and prestressed 
concrete andJstructural steelwork, including bridges and 
buildings. Knowledge of modern bridge design essential. 
Prospects of partnership interest in firm. 


Write in confidence, stating age and full details [of 
Box 9095, sTRUCTURAL 
ENGINEER, 43a, Streatham Hill, S.W.2. 


experience and qualifications. 


STRUCTURAL or Civil Engineering designer required for 
Head office appointment. Experience in reinforced concrete 
design, foundations and industrial structures an advantage. 
Permanent position with good salary, bonus scheme and entry 
into Superannuation Scheme after 12 months service. Good 
opportunity for qualifying as A.M.I.C.E. and A.M.I-Struct E, 
Write giving age, qualifications and details of experience to 
The Mitchell Construction Company Ltd., Wharf Works, 
Peterborough. : 
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STRUCTURAL ENGINEERS 


Consultants in West London require two first class 
designers to take charge of project and contract work. 
Experience essential in Reinforced Concrete Frames, 
Foundations and a knowledge of Piling and Steelwork 
would be an advantage. 
Institutions desirable). 


(Membership of Professional 


Salary £1,400 perannum minimum. Pension and Assurance 
Scheme. Modern offices and programme of interesting and 
varied buildings. Present staff aware of advertisement. 


Apply Box 9092, sTRUCTURAL ENGINEER, 43a, Streatham 
Hill, S.W.2. 
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TECHNICAL ADVISER 


required for Thermalite Ytong Limited at their Head- 
quarters at Hams Hall, Warwickshire. 


The appointment will be as Deputy to the Chief Technical 
Officer and duties will include giving technical advice 
to ARCHITECTS and CONTRACTORS on the use of the 
Company’s material. A knowledge of Codes of Practice, 
British Standards Bye Laws, etc., necessary and applicants 
should hold A.M.I.Struct.E., qualifications or similar. 
Age 25 to 30 years. 

The post, which is in a rapidly expanding Company, 
offers interesting work and the appointment is progressive 
and pensionable. Apply in the first instance to : 


Personnel Manager (T.S.A.21), 
John Laing & Son (Holdings) Ltd., 
Page Street, N.W.7. 


T. C. JONES & COMPANY 
LIMITED 
17, Buckingham Palace Gardens 
Westminster, S.W.|1. 


have vacancies for 


REINFORCED 


CONCRETE DESIGNERS 
SCHEDULERS AND DETAILERS 


Attractive salaries are offered 


Interviews may be arranged by telephone 
Ring SLOane 5271 


VACANCY for precast concrete designer/detailer, fully qualified 
or in 4th year. Good opportunities. Apply in own hand- 
writing to David Chaston Ltd., Essex Road, Hoddesdon, Herts. 
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CLASSIFIED ADVERTISEMENTS—continued 


STRUCTURAL Steelwork designer with a good knowledge of 
light structures as well as conventional steel design required by 
Consulting Engineers. Five day week, pension scheme, holiday 
arrangements honoured. Apply stating full details of experience 
and salary required to Alan Marshall & Partners, Federal 
House, Down Place, W.6. 


STRUCTURAL ENGINEER 


age 25 to 35, wanted at once 
For further information about the interesting, well paid 


position that is vacant, apply to:— 
J. PRYKE, 
PYNFORD LTD. 


74, Lancaster Road, London, N.4. 


STRUCTURAL Engineers require first class designer for 
permanent position in progressive Company. Pension scheme, 
etc. Write stating age, experience, salary required to Secretary, 
Cook & Co. Ltd., 7, South Side, Clapham Common, S.W.4. 


The Structural Engineer 


SHOTBLASTING 


SHOTBLASTING, Metal Spraying, Coating. Epikote, Araldite, 
P.T.F.E., P.T.F.C.E., Polythene, P.V.C., Neoprene and Hypalon 
coatings applied on site or at works. Loyne Ltd., Margaret 
Street, Ashton-under-Lyne, Lancs. Tel. ASH 4551/2/3. 


FOR SALE 


NEW Bar and Angle Shear of all Steel Construction for sale. 
Arranged motor drive for 400 volts, 3 phase, 50 cycles. 
Supplied with set of blades for flat bars, and rounds and squares. 
Blades for other sections at extra cost. Capacity: Round and 
square bars 2”; flat iron 10” x ?” or 54”x1”; angles up to 
4”x 4”; tees 5”; beams 6”; channels 6”. Length of blades 
122”. Leaflet and full particulars from F. J. Edwards Ltd., 
359, Euston Road, London, N.W.1. 


FOR HIRE 


LATTICE Steel erection masts (light and heavy), 30 ft. to 150 ft. 
high, for immediate hire. Bellman’s 21, Hobart House, Gros- 
venor Place, S.W.1. 


TUITION 


GUARANTEED Coaching for Inst. Struct. Engrs., Inst. Civ. 
Engrs., Inst. Mun. Engrs., etc. Study at home under highly 
qualified tutors. Also courses in all aspects of Building, Engi- 
neering, Draughtsmanship, etc. No books to buy. Write for 
FREE Prospectus stating subject to I.C.S., Intertext House, 
Parkgate Road (Dept. 423), London, S.W.11 
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AETION 
CEMENT 


Section of floor with 
H.S.M. in position 


<<aS particularly suitable where 


| 
| 


the live loads are light, and 


long spans with few intermediate 
beams are desirable. 


Section of floor with 
moulds removed 
and ceiling fitted 


Hollow steel mould 

being placed in 

position i ies 5 Sr. 
The BRC Booklet “Hollow Stee/ Mould Construction” is available on request. — 
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